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ABSTRACT 
Since settlement, the landscape of the Midwestern United States has undergone many 
changes. In Iowa and southern Minnesota, approximately 70-80% of land is in agricultural 
production. Agricultural practices often involve substantial modifications to existing streams. 
Many streams in Iowa and southern Minnesota have been channelized to aid in removal of 
excess water from crop fields. Channelization results in not only more homogenous habitat in the 
stream channel, but also leads to less connectivity between the stream and its floodplain. Many 
fish species have evolved to prefer particular habitat features, such as riffles, pools, and off-
channel habitat. Because these habitats are often removed or made less accessible through 
channelization, populations of many native stream fishes in Iowa and Minnesota have declined 
over several decades. The Topeka Shiner (Notropis topeka) is the only fish that is federally listed 
as endangered in the interior streams of Iowa and Minnesota. About two decades ago, Topeka 
Shiners were found to commonly persist in oxbows. As a result, several agencies are now 
involved in restoring oxbows that have filled with sediment over time to improve habitat for 
Topeka Shiners and a range of other fishes and terrestrial wildlife. However, a greater 
understanding of what characteristics of restored and unrestored oxbows influence the presence 
of Topeka Shiners is needed. Furthermore, Topeka Shiners and other species of conservation 
need can only populate oxbows if they first are present in the adjacent stream channel. Thus, a 
greater understanding of characteristics that influence the presence of several of Iowa and 
Minnesota’s rare fish species in streams is needed. 
I used electrofishing and seining to sample fish assemblages at stream sites, whereas I 
only used bag seines to sample the fish assemblage at oxbow sites. At each site, I also measured 
dozens of potentially influential abiotic (habitat and water quality) characteristics. Examining 
xvi 
streams and oxbows separately, I then used nonmetric multidimensional scaling and logistic 
regression models to determine which predictor variables were most important for the presence 
of Topeka Shiners and other species of greatest conservation need (SGCN). In 2016-2017, 111 
stream sites and 98 oxbows were sampled in the Boone River, Beaver Creek, North Raccoon 
River, and Rock River watersheds. Topeka Shiners were present at 40 stream sites and 13 SGCN 
were sampled but only six were common enough (present at 20-67% of sites) to include in 
statistical modeling. The presence of four of six SGCN was positively associated with species 
richness, and three species were associated with either wetted width and/or gravel substrate. In 
general, important variables for predicting species presence in streams varied across models and 
species. Topeka Shiners were present at 40 oxbows, being sampled more often and with a higher 
average relative abundance in restored oxbows compared to unrestored oxbows. Logistic 
regression models indicated that Topeka Shiner presence was positively associated with species 
richness, Brassy Minnow Catch Per Unit Effort (CPUE), Orangespotted Sunfish CPUE, 
dissolved oxygen, and turbidity in an oxbow, while also being negatively associated with oxbow 
wetted length. The results of this project add to our understanding of associations of rare fish 
species and will be used to help guide the restoration process for Topeka Shiners and other 
SGCN. 
 
 
1 
CHAPTER 1.    GENERAL INTRODUCTION 
Pre-settlement, much of the United States was covered by forests, prairies, and wetlands 
(Whitney 1994). Since European settlement, there has been a substantial shift in land use towards 
agriculture and industry. Over 915 million acres in the United States (40% of total area) is now 
farmland (USDA 2014). Cultivating row crops in the Midwestern United States has become 
widespread as a result of nutrient rich soils (Easterlin 1976), with 70-90% of land in several 
states now in agricultural production (USDA 2014). Iowa and southern Minnesota are areas of 
exceptional land use change and high densities of row crop fields (Gallant et al. 2011). Modern 
agricultural practices often involve substantial modifications to flowing streams. In Iowa and 
southern Minnesota, vast stretches of many streams have been straightened and channelized. 
Channelization can aid crop production in several ways, such as irrigation, removal of excess 
water from fields, and flood control (Simpson et al. 1982). However, channelization has many 
negative effects on aquatic habitats and the organisms that occupy them (Hughes et al. 1990; 
Gallant et al. 2011). Channelization results in not only more homogenous habitat in the stream 
channel, but also leads to less connectivity between the stream and its floodplain. Many fish 
species have evolved to prefer particular habitat features, such as riffles, pools, and off-channel 
oxbows. Because these habitats are often removed or made less accessible through 
channelization, populations of many of Iowa and Minnesota’s fish species have declined over 
several decades.  
Largely a result of instream habitat degradation due to land use changes, 79 fish species 
in Iowa and 42 fish species in Minnesota (94 different species total) are listed as species of 
greatest conservation need (SGCN; Iowa Department of Natural Resources 2015a; Minnesota 
Department of Natural Resources 2015). Populations of many of these species have been in 
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decline for decades as they often prefer diminishing habitats, such as riffles and pools, or other 
declining environmental conditions such as water quality (Allan and Flecker 1993; Richter et al. 
1997; Jelks et al. 2008). The Topeka Shiner (Notropis topeka) is the only fish species federally 
listed as endangered found in the interior streams of Iowa and Minnesota (USFWS 1998). The 
Topeka Shiner is a small cyprinid identified by its silver to olive color with a dusky stripe along 
its side and a black chevron shaped wedge at the base of the caudal fin (Figure 1.1). Mature 
males develop red-orange fins during the breeding season (Pflieger 1997). Believed to prefer 
areas of slow or no current, Topeka Shiners were found occupying off-channel oxbows shortly 
after being added to the endangered species list (Dahle 2001; Hatch 2001). As a result, several 
agencies are involved in restoring oxbows that have filled with sediment over time to make them 
useful habitats again for Topeka Shiners and many other forms of wildlife. However, little is 
known regarding the use of restored versus unrestored oxbows by Topeka Shiners or what types 
of oxbow habitat characteristics and fish assemblages are associated with the presence of Topeka 
Shiners. Additionally, fish that populate an oxbow during flooding must originate from the 
adjacent stream channel, making both habitat types important in the life cycle of several species. 
Thus, my goals for this project were to assess the presence and abundance of Topeka Shiners in 
restored versus unrestored oxbows, as well as determine abiotic (habitat and water quality) and 
fish assemblage associations of several SGCN in streams and oxbows in Iowa and southern 
Minnesota. A greater understanding of local habitat and fish assemblage characteristics of 
oxbows and streams and their effects on SGCN populations could help guide instream and 
oxbow restorations to improve suitability and increase the chance of utilization by SGCN. 
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Thesis Organization 
The following consists of two research chapters that will be submitted to scientific 
journals and a conclusions chapter. Chapter 2 concentrates on associations of Iowa and 
Minnesota’s fish species of greatest conservation need in streams. Chapter 3 focuses on oxbow 
use by Topeka Shiners. Chapters 2 and 3 each include an abstract, introduction, methods, results, 
and discussion followed by tables and figures. Chapter 4 provides general conclusions on the 
overall project. Appendices provide further summary of data and statistical analyses. 
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Figure 1.1. Male Topeka Shiner sampled in the Boone River watershed in July 2017. 
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CHAPTER 2.    ABIOTIC AND FISH ASSEMBLAGE ASSOCIATIONS OF FISH 
SPECIES OF GREATEST CONSERVATION NEED IN STREAMS OF IOWA AND 
MINNESOTA 
Abstract 
Many fish species of greatest conservation need (SGCN) in Iowa and Minnesota have 
been in decline for decades. A key reason for the decline is the alteration and degradation of 
naturally flowing streams due to land use changes resulting from agricultural practices. 
Populations of several fish species have been negatively affected by widespread stream 
channelization that has resulted in more homogenous stream habitats throughout Iowa and 
Minnesota. The goal of this study was to determine the abiotic and fish assemblage 
characteristics that influenced the presence of these rare species. Electrofishing and seining were 
used to sample fish assemblages, and 43 abiotic characteristics were measured at 111 sites in the 
North Raccoon and Boone River watersheds in central Iowa and the Rock River watershed in 
northwestern Iowa and southwestern Minnesota during 2016-2017. Six SGCN, including the 
federally endangered Topeka Shiner (Notropis topeka), were included in statistical modeling to 
determine habitat and fish community characteristics that were related to their presence. Species-
specific nonmetric multidimensional scaling ordinations indicated that abiotic characteristics and 
fish assemblages often differed between sites where SGCN were present and absent, and that the 
variables that were related to these differences often varied by species. Logistic regression 
models suggested the presence of four of six SGCN was positively associated with species 
richness, and three species were associated with wetted width and/or gravel substrate. The other 
25 important abiotic and fish assemblage variables were unique to only one or two of the six 
SGCN. Therefore, species-specific conservation strategies may be most appropriate when 
considering many SGCN in Iowa and Minnesota. These results provide information that will 
help guide restoration and conservation efforts for rare stream fishes. 
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Introduction 
Pre-settlement, much of the United States was covered by forests, prairies, and wetlands 
(Whitney 1994). Since European settlement, there has been a substantial shift in land use towards 
agriculture and industry. Over 915 million acres in the United States (40% of total area) is now 
farmland (USDA 2014). Cultivating row crops in the Midwestern United States has become 
widespread as a result of nutrient rich soils (Easterlin 1976; Bogue 1994), with 70-80% of land 
in several Midwestern states now in agricultural production (USDA 2014). In addition to land 
use changes, alterations to the hydrology of streams that transverse the Midwest landscape are 
also prevalent (Blann et al. 2009).  
Land conversion to agriculture often involves straightening and channelizing naturally 
flowing streams to aid in irrigation, removal of excess water from fields, and flood control 
(Waters 1977; Bishop 1981). Stream straightening and channelization can have numerous effects 
on natural stream processes. Channelization often alters complex, heterogeneous braided 
channels with riffle, runs, pools, and side-channels to a simplistic homogenous habitat by 
removing areas of slow or no current, such as pool habitats, increasing average stream velocity 
and sedimentation (Simpson et al. 1982; Brookes et al. 1983). However, channelization can also 
reduce areas with the swiftest current, such as riffle habitats (Simpson et al. 1982). Largescale 
stream alterations have changed available habitat for many types of wildlife and have had a 
negative impact on many fishes (Hughes et al. 1990; Gallant et al. 2011) either through the loss 
of preferred habitat (Pflieger 1997; Page and Burr 2011) or the degradation of water quality 
parameters (Cuffney et al. 2000; Jordao et al. 2007; Corsi et al. 2011). Cumulatively, the loss of 
preferred habitat and the degradation of water quality often lead to the decline of many native 
stream fish populations (Bulkley 1975; Menzel 1981; Hermoso et al. 2011). 
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In addition to the impacts of reduced habitat heterogeneity on native fish populations, 
habitat loss can also have direct or indirect effects on fish species through alterations in fish 
assemblage interactions. Many interactions among fishes occur for a variety of reasons, 
including nesting associations and predation (Peoples and Frimpong 2016). Nesting associations 
are common due to either mutualistic or parasitic strategies (Page and Johnston 1990; Katula and 
Page 1998). In addition, piscivores often have a negative relationship with smaller forage species 
(Sih and Wooster 1994; Boswell et al. 2011). In both instances, specific interspecies 
relationships can influence populations of one species if another is impacted by habitat 
degradation. However, interspecies co-occurrences remain as some of the most poorly 
understood interactions among fishes (Peoples and Frimpong 2013) but are necessary to 
understand factors regulating fish distributions in altered landscapes. 
Stream modifications have been commonplace in much of Iowa and southern Minnesota 
(Waters 1977; Bishop 1981). Channelization has converted many riffle, run, pool sequences to 
stretches of run habitat (Bulkley et al. 1976). Largely as a result of instream habitat degradation 
due to land use changes, 79 fish species in Iowa and 42 fish species in Minnesota (94 different 
species total) are listed as species of greatest conservation need (SGCN; Iowa Department of 
Natural Resources 2015a; Minnesota Department of Natural Resources 2015). Many SGCN 
prefer riffle or pool habitats, which like the species themselves, have been in decline for decades. 
Other declining environmental conditions, such as water quality, likely has also contributed to 
the decline of these species (Allan and Flecker 1993; Richter et al. 1997; Jelks et al. 2008). The 
conservation of rare species is often a goal of natural resource managers and understanding both 
biotic and abiotic associations of these species is key in this effort and any habitat restoration 
projects (Lewis et al. 1996; Durance et al. 2006; Iowa Department of Natural Resources 2015a). 
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 Topeka Shiner (Notropis topeka) is the only fish species listed as federally endangered 
found in the interior streams of Iowa and Minnesota. Once an abundant member of stream fish 
assemblages in Iowa, Kansas, Minnesota, Missouri, Nebraska, and South Dakota (Lee et al. 
1980), Topeka Shiners have experienced declines over recent decades and were listed as a 
federally endangered species in 1998 (USFWS 1998). A key factor contributing to their decline 
is habitat loss due to stream channelization (Wall et al. 2004; Panella 2012). Topeka Shiners 
have been associated with oxbows in Iowa containing submerged vegetation and often co-occur 
with Fathead Minnows (Pimephales promelas) and Orangespotted Sunfish (Lepomis humilis; 
Pflieger 1997; Bakevich et al. 2013, 2015; Campbell et al. 2016). Instream restoration efforts 
have focused on removal of structures that block migration (e.g., dams, road culverts) and the 
restoration of stream channel morphology (Kuitunen 2001). However, a better understanding of 
abiotic and fish assemblage associations of Topeka Shiners, and other SGCN, would benefit 
these restoration efforts. 
Understanding local scale abiotic and fish assemblage associations of SGCN stream 
fishes is important for ongoing stream restoration and conservation efforts and for understanding 
factors that drive species distributions (Porter et al. 2000; Pont et al. 2005; Sindt et al. 2012). 
However, in many cases, these associations are limited or poorly understood. Thus, my objective 
was to identify important abiotic and fish assemblage variables associated with the presence of 
SGCN fishes, with a focus on Topeka Shiners. A greater understanding of local habitat and fish 
assemblage characteristics of streams in Iowa and Minnesota and their effects on the presence of 
SGCN could help improve conservation efforts for these species. 
 
 
9 
Methods 
Study Watersheds 
Sampling sites were located within the Boone and North Raccoon River watersheds in 
north-central Iowa, the Rock River watershed stretching from northwest Iowa into southwest 
Minnesota, and the Lower Big Sioux watershed in southwest Minnesota where sampling was 
restricted to the Beaver Creek HUC 10 watershed (Figure 2.1). Sampled watersheds ranged from 
425 (Beaver Creek) to 6,395 (North Raccoon) km2. Land use in these watersheds is dominated 
by agriculture and row crops that covered 75%-85% of land and contributed to widespread 
stream straightening and channelization over previous decades (USDA 2008; Agren, Inc. 2011; 
Onsrud et al. 2014). Streams in these areas hold a great diversity of fish species and are within 
the native range of several stream fish species of greatest conservation need (Sindt et al. 2012; 
Bakevich et al. 2013). 
Fish Sampling 
Fish sampling occurred from May to October in 2016-2017 with electrofishing and 
seining, following a protocol similar to the Iowa Department of Natural Resources wadeable 
streams procedure (Iowa Department of Natural Resources 2015b). Each designated sampling 
reach equaled approximately 20 times the mean width, with a 150m minimum and 400m 
maximum length. One pass of DC electrofishing was conducted in an upstream direction at each 
site, adjusting settings (generally 150-200 volts, 4-5 amps) to sufficiently stun fish. All stunned 
fish were captured with dip nets and placed in a live well. A generator powered barge 
electrofishing unit (ETS Electrofishing Systems LLC, Madison, WI USA) was used in larger 
streams, while a backpack electrofishing unit (Smith Root Inc., Vancouver, WA USA) was used 
in streams that were inaccessible or too shallow to properly deploy the barge unit. Following 
electrofishing, portions of each stream site were seined (4.6m x 1.8m or 10.7m x 1.8m, 6.35mm 
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mesh). Two collection methods helped increase the probability that all species present were 
detected (Mercado-Silva and Escandon-Sandoval 2008; Meador 2012). All collected fish were 
identified, counted, any deformities/eroded fins/lesions/tumors noted, and released alive back 
into the stream.  
For each sampling site, catch per unit effort (CPUE) was calculated for each species 
present as the number of individuals captured with electrofishing per 100m2 of sampled area. 
CPUEs were also calculated for groups of species such as nest associates of Topeka Shiners 
(Green Sunfish (Lepomis cyanellus) and Orangespotted Sunfish (Lepomis humilis); Pflieger 
1997; Campbell et al. 2016), piscivorous species (Black Crappie (Pomoxis nigromaculatus), 
Channel Catfish (Ictalurus punctatus), Flathead Catfish (Pylodictis olivaris), Largemouth Bass 
(Micropterus salmoides), Northern Pike (Esox lucius), Northern Rock Bass (Ambloplites 
rupestris), Smallmouth Bass (Micropterus dolomieu), Walleye (Sander vitreus)), and SGCN 
(Banded Darter (Etheostoma zonale), Blackside Darter (Percina maculate), Golden Shiner 
(Notemigonus crysoleucus), Iowa Darter (Etheostoma exile), Northern Pike, Northern Rock Bass, 
Plains Topminnow (Fundulus sciadicus), Slender Madtom (Noturus exilis), Slenderhead Darter 
(Percina phoxocephala), Suckermouth Minnow (Phenacobius mirabilis), Tadpole Madtom 
(Noturus gyrinus), Topeka Shiner, and Silver Redhorse (Moxostoma anisurum); Iowa 
Department of Natural Resources 2015a; Minnesota Department of Natural Resources 2015). 
Additional fish assemblage metrics for each site, such as fish index of biotic integrity, percent of 
sampled fish as top carnivores (fish constitute a significant part of diet as adults), percent of 
sampled fish representing the top three most abundant species (indicator of balance in the fish 
assemblage), percent of sampled fish as benthic invertivores (benthic invertebrates constitute a 
significant part of diet as adults), and overall tolerance level of the fish assemblage based on 
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tolerance of individual species were obtained through the Iowa Department of Natural Resources 
online BioNet program (Iowa Department of Natural Resources 2018).  
Water Quality and Habitat Sampling 
            Abiotic characteristics were measured once at each site prior to fish sampling to insure a 
sample represented by the undisturbed state. Water quality measurements were taken near the 
water surface and included temperature (°C), dissolved oxygen (mg/L), ambient conductivity 
(mS/cm; Yellow Springs Instruments, Professional Series model 2030), pH (Thermo Fisher 
Scientific, model pHTestr 10), and turbidity (NTU; Hach, model 2100Q portable turbidimeter). 
Habitat characteristics were measured following a modified version of the Iowa Department of 
Natural Resources wadeable streams procedure. Measurements were taken at ten transects that 
were equally spaced throughout each sampled reach. At each transect, we first measured the 
wetted width. Next, depth (m), velocity (m/sec), and substrate type (bedrock, boulder, riprap, 
cobble, gravel, sand, silt, soil, clay, muck, detritus, or wood) were measured at 10%, 30%, 50%, 
70%, and 90% of the wetted width. Stream velocity was measured using a Marsh McBirney 
Flow-mate 2000 flow meter at 60% of the stream depth if <0.75m or 20% and 80% of the stream 
depth and averaged if  ≥0.75m (Bakevich et al. 2013). Density of instream fish cover (i.e., 
filamentous algae, macrophytes, woody debris >0.3m diameter, small brush <0.3m diameter, tree 
and root wads, boulders, over-hanging banks, under-cut banks, artificial structure, and 
depth/pool) was visually estimated within an area 5m upstream and 5m downstream of each 
transect as either absent (0%), sparse (<10%), moderate (10-40%), heavy (40-75%), or very 
heavy (>75%). Bank angle was measured at all transects using a clinometer and the percent of 
bare bank was visually estimated. Using a spherical densiometer, canopy cover was measured 
facing upstream on each bank and at the midpoint of each transect. Macrohabitat was 
characterized as pool, riffle, or run (Sponholtz and Rinne 1997) at each transect. At 33% and 
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67% of the distance between two transects, the thalweg depth was measured, the presence of soft 
or small sediment (e.g., sand, silt, clay, and muck) was recorded, and macrohabitat was 
characterized as pool, riffle, or run. Riparian vegetation was visually estimated on each transect 
bank in a 10m x 10m area into the riparian zone from each transect. Type (i.e., deciduous, 
coniferous, broadleaf evergreen, mixed, or none) and aerial coverage of vegetation was estimated 
for three height ranges: canopy (>5m), understory (0.5-1.5m), and ground cover (<0.5m), and 
recorded as either absent (0%), sparse (<10%), moderate (10-40%), heavy (40-75%), or very 
heavy (>75%).  
Data Analysis 
Six fish SGCN of interest were sampled at a sufficient number of sites to include in 
statistical modeling: Banded Darter, Blackside Darter, Northern Rock Bass, Suckermouth 
Minnow, Tadpole Madtom, and Topeka Shiner. All remaining SGCN were sampled at eight sites 
or less. Preliminary analyses of these less frequently sampled SGCN resulted in poor model 
performance due to small sample size where species were present. 
I first explored the multivariate relationship that each SGCN had with fish assemblages 
and abiotic characteristics among stream sites. I used nonmetric multi-dimensional scaling 
(NMDS) ordinations to visualize sites in 2-dimensional ordination space based on the full data 
set before any variables were removed. Ordinations were created for each SGCN of interest 
using only sites located within watersheds where the species of interest was sampled in 2016-
2017. For example, Banded Darters were only sampled in streams in the Boone River watershed; 
therefore, only sites from the Boone River watershed were included in ordination analysis for 
Banded Darters. Ordinations were plotted from distance matrices using Bray-Curtis distances 
after standardizing observations for site totals (Faith et al. 1987). Minimum convex polygons 
were added to ordinations to better visualize patterns in ordination space. Vectors were added to 
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ordinations for variables that were correlated to ordination axis values (r ≥ |0.5|; Kirkman et al. 
2004; Pietikäinen et al. 2007). Standardization, distance matrices, and ordinations were 
performed in PRIMER (Clarke and Gorley 2006). An analysis of variance using distance 
matrices (ADONIS) was completed for each SGCN of interest to examine differences in fish 
assemblages and abiotic characteristics between sites where each SGCN was present or absent.  
Next, I examined predictor variables describing fish assemblage and local abiotic 
characteristics of sampling sites and assessed the potential associations of these variables with 
the presence of SGCN. Fish assemblage variables included CPUE of each species or group of 
species (e.g., nest associates, piscivores, SGCN) and species richness at each site. Abiotic 
variables consisted of many factors describing water quality and habitat conditions at the time of 
fish sampling as described above. Reducing the number of potential covariates was necessary to 
produce more accurate and interpretable models. To reduce the number of variables, I first 
removed all rare abiotic and fish assemblage variables (occurring at ≤10% of sites) and 
calculated Pearson correlation coefficients for all pairs of remaining variables. In cases when two 
or more variables were highly correlated (r ≥ 0.70), the more ecologically relevant or more easily 
interpreted variable was kept whereas the other was removed from the analysis (Appendix A). 
Relative abundance (CPUE) of the species of interest was also removed form modeling. For 
example, Banded Darter CPUE was removed from modeling the presence of Banded Darters and 
Blackside Darter CPUE was removed from modeling the presence of Blackside Darters. 
Next, I used random forest modeling to further reduce the number of variables to be used 
for modeling the presence or absence of each SGCN. Random forest modeling is a relatively new 
method in the natural resources field that builds many decision trees without making 
distributional assumptions of the data set and are able to process situations where there are more 
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predictor variables than observations (Cutler et al. 2007). Models are built by using randomly 
selected bootstrapped samples from the full data set to start each classification tree (Cutler et al. 
2007). On average, 63% of the observations in a data set are used to construct each tree. A 
random set of predictor variables are then used to determine each split in a tree (Prasad et al. 
2006). After tree construction, the remaining 37% of observations (out of bag observations) are 
put through their respective classification tree to predict classification outcomes. Overall 
predicted out of bag observation classifications are based on the most commonly predicted 
classification across all trees (Cutler et al. 2007). Error rates are then calculated for out of bag 
observations to assess accuracy of the random forest model (out of bag error). Random forest 
models are able to compute the rank importance of each predictor variable for classification 
(Juracek et al. 2017). The mean decrease in accuracy measure reflects the average decrease in 
out of bag classification accuracy when a variable is excluded from the out of bag classification 
process. Therefore, predictor variables with a large mean decrease in accuracy measure were 
deemed more important in predicting presence of a species (Cutler et al. 2007). Using this 
process, random forest models ranked the importance of each variable in predicting the presence 
of individual SGCN that allowed me to further reduce the number of variables included in 
regression analysis. To determine if individual SGCN presence could be predicted with greater 
accuracy based on the inclusion of different types of variables, I developed three model groups 
including 1) all variables, 2) only abiotic variables, and 3) only relative abundance of other 
species present at each site. To account for distributional differences for the different species, 
only sites located in watersheds where that species was sampled were included in modeling. For 
instance, Northern Rock Bass were only sampled in the Boone River watershed. Therefore, only 
sites in the Boone River watershed were included in the modeling of Northern Rock Bass. 
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Finally, I used logistic regression with the reduced set of variables to model presence of 
each SGCN. Logistic regression is often used in ecology when the variable of interest is binary 
(present or absent; Jackson et al. 2008; Groce and Morrison 2010; Linde 2010). Burnham and 
Anderson (2002) described an information theoretic approach that I adopted to build and 
compare models describing SGCN presence. The information theoretic approach allows for 
conclusions to be made on a group of highly competitive candidate models rather than only the 
highest performing model. More robust inferences are expected from such a multimodel analysis 
of similarly competitive candidate models (Burnham and Anderson 2002). For each of three 
model groups, variables that random forest models ranked as most important to predict species 
presence were included in logistic regression analysis. The number of variables used to create 
candidate model sets equaled 10% of the number of sites sampled within watersheds where the 
species of interest was sampled (Harrell et al. 1984; Harrell et al. 1996). For example, 
Suckermouth Minnows were only sampled in the Boone River and North Raccoon River 
watersheds where 90 sampling sites were located in 2016-2017. Therefore, nine variables were 
included in logistic regression analysis for Suckermouth Minnows (Table 2.1). All combinations 
of these variables were included in a set of competing logistic regression candidate models that 
were ranked by Akaike’s Information Criterion corrected for small sample size (AICc).  AICc 
measures model performance while taking into account the inclusion of additional variables. 
Logistic regression candidate models with a ΔAICc ≤ 2 are considered highly competitive with 
the top performing model (Burnham and Anderson 2002); thus candidate models with a ΔAICc ≤ 
2 were included in top model sets. Using top model sets, I calculated model averaged 
coefficients and 95% confidence intervals for each variable in each top model set to determine 
the coefficient estimates that were significantly different from zero, indicating a significant 
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association with the presence of a species. In addition to ranking competing candidate models by 
AICc, the information theoretic approach also produces a weight of evidence that each model is 
the best as an inference (Akaike weight (wi); Burnham and Anderson 2002). I used Akaike 
weights to calculate the variable relative importance weight (relative importance) for each 
individual variable by summing the Akaike weights for all candidate models included in top 
model sets where each variable was included (Burnham and Anderson 2002). The higher the 
relative importance value for a variable, the more important it is for explaining the presence of a 
species (Burnham and Anderson 2002). Generally, relative importance values ≥0.60 are 
considered to provide substantial evidence that the variable is important for predicting the 
presence of a species (Calcagno and de Mazancourt 2010; Sindt et al. 2012; Wagner et al. 2012; 
Spaanheden Dencker et al. 2017). Thus, all variables with a relative importance ≥0.60 were 
considered important in predicting presence of each SGCN of interest. All statistical analyses 
except for ordinations were performed in program R (R Core Team 2016). 
Results 
In 2016-2017, fish, water quality, and habitat surveys were conducted at 111 stream sites 
within the Boone, Beaver Creek, North Raccoon, and Rock River watersheds (Figure 2.1). A 
total of 72,971 individual fish of 58 different species were collected (Table 2.2). A total of 13 
SGCN were collected in states where they were listed. At least one SGCN was sampled at 94 of 
111 sites, with a maximum of six SGCN collected at four sites (Figure 2.2, 2.3).  
After removing rare and highly correlated variables, 80 variables were retained from the 
original dataset (Appendix A). To better understand differences between sites with Topeka 
Shiners present or absent, means and standard deviations were calculated for many water quality, 
habitat, and fish variables (Table 2.3). Three random forest models (all variables, abiotic 
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variables, and fish abundance variables) were developed, allowing for a comparison of out of bag 
error rates. Comparing error rates enabled me to assess the accuracy of predicting individual 
SGCN presence using different kinds of variables. When comparing model performance within 
each species, Northern Rock Bass, Suckermouth Minnow, and Topeka Shiner displayed their 
lowest predictive error rates when all variables were included in random forest models. Banded 
Darter, Blackside Darter, and Tadpole Madtom displayed the lowest predictive error rates when 
only relative abundances of other species were included in random forest models (Table 2.4).  
Random forest models ranked the top important variables in predicting the presence of 
each of the six species of interest for each of the three models (Table 2.5). The most common 
important variables in the all variables model were average wetted width, species richness, 
watershed size, Creek Chub (Semotilus atromaculatus) CPUE, and percent of sample as top 
carnivore species. The most commonly occurring important variables in the abiotic variables 
model were watershed size, gravel substrate, average depth, average wetted width, flow velocity, 
and macrophytes. The most commonly occurring important variables in the fish abundance 
variables model were Northern Hogsucker (Hypentelium nigricans) CPUE, Creek Chub CPUE, 
Fathead Minnow CPUE, and Yellow Bullhead (Ameiurus natalis) CPUE. All combinations of 
each set of important variables were used to generate logistic regression candidate models and 
subsequent model sets and associated statistics.  
Banded Darter 
A total of 181 Banded Darters were sampled at 28 of 66 (42%) sites in the Boone River 
watershed but were not captured in other watersheds (Table 2.1; Figure 2.3). Therefore, results 
only reflect Banded Darters in the Boone River watershed. Fish assemblages and abiotic 
characteristics differed between sites where Banded Darters were present and absent (Figure 
2.4). Banded Darters were more often present at sites with higher relative abundances of Channel 
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Catfish, Golden Redhorse (Moxostoma erythrurum), Northern Hogsucker, and Shorthead 
Redhorse (Moxostoma macrolepidotum) while being absent at sites with higher relative 
abundances of Blacknose Dace (Rhinichthys obtusus) and Creek Chub (Figure 2.4A; ordination 
stress = 0.18; ADONIS P = 0.001). Banded Darters tended to be present at sites with larger 
upstream watershed areas and wider average widths, while being absent at sites with large 
amounts of macrophytes, relatively steep bank angles, and high amounts of canopy cover (Figure 
2.4B; stress = 0.12; P = 0.001). 
The top model set for the all variables model included five candidate models with ΔAICc 
≤ 2 (Table 2.6). The percentage of sampled fish represented by the top three most abundant 
species and average wetted width were both included in all candidate models in the top model set 
and had relative importance values of 1.00 (Table 2.7). Banded Darter presence decreased with 
an increase in the percentage of sampled fish represented by the top three most abundant species 
whereas wetted width was positively associated with Banded Darter presence (Figure 2.5). 
Northern Hogsucker CPUE was also considered important in predicting Banded Darter presence 
with a relative importance ≥0.60, but the slope of the relationship did not differ from zero (Table 
2.7; Figure 2.5). The percentage of the sample as benthic invertivores, Stonecat (Noturus flavus) 
CPUE, and Common Shiner (Luxilus cornutus) CPUE also appeared in the top five models that 
received support (ΔAICc ≤ 2) but slopes of these variables did not differ from zero and all had 
relative importance values <0.60. 
The top model set for the abiotic variables model included four candidate models with 
ΔAICc ≤ 2 (Table 2.6). Average wetted width was included in all candidate models in the top 
model set, having a positive association with Banded Darter presence and a relative importance 
of 1.00 (Table 2.7; Figure 2.5). Gravel substrate, silt substrate, and pH, were each considered 
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important in predicting Banded Darter presence with relative importance values ≥0.60 but the 
slope of these relationships with Banded Darter presence did not differ from zero (Table 2.7; 
Figure 2.5).  
The top model set for the fish abundance variables model included 10 candidate models 
with ΔAICc ≤ 2 (Table 2.6). Northern Hogsucker CPUE was included in all candidate models in 
the top model set, having a positive association with Banded Darter presence and a relative 
importance of 1.00 (Table 2.7; Figure 2.5). White Sucker (Catostomus commersoni) CPUE was 
also considered important in predicting Banded Darter presence with a relative importance ≥0.60 
although the slope of the relationship did not differ from zero (Table 2.7; Figure 2.5).  
Additionally, Stonecat CPUE, Common Shiner CPUE, Creek Chub CPUE, and Rosyface Shiner 
(Notropis rubellus) CPUE were identified as potentially important factors influencing the 
presence of Banded Darters but the relative importance of these variables was <0.60 and the 
slope of the relationships did not differ from zero (Table 2.7). 
Blackside Darter 
A total of 155 Blackside Darters were sampled at 46 of 111 (41%) sites throughout all 
watersheds (Figure 2.3). Fish assemblages and abiotic characteristics differed between sites 
where Blackside Darters were present and absent (Figure 2.6). Blackside Darters tended to be 
present at sites with higher relative abundances of Golden Redhorse and Channel Catfish (Figure 
2.6A; stress = 0.22; P = 0.001). Sites where Blackside Darters were absent had higher variation 
in bank angle, canopy cover, streamside trees and root wads, average width, and watershed size 
compared to locations with Blackside Darter (Figure 2.6B; stress = 0.12; P = 0.001). 
The top model set for the all variables model included eight candidate models with 
ΔAICc ≤ 2 (Table 2.8). Species richness and Shorthead Redhorse CPUE were common to all 
candidate models in the top model set, both having positive associations with Blackside Darter 
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presence and relative importance values of 1.00 (Table 2.9; Figure 2.7). Macrophytes, flow 
velocity, Quillback Carpsucker (Carpiodes cyprinus) CPUE, Channel Catfish CPUE, Spotfin 
Shiner (Cyprinella spiloptera) CPUE, watershed size, and Creek Chub CPUE also appeared in 
the top eight models, but all had relative importance values <0.60 and the slopes of these 
relationships with Blackside Darter presence did not differ from zero (Table 2.9).  
The top model set for the abiotic variables model included 16 candidate models with 
ΔAICc ≤ 2 (Table 2.8). Average wetted width and instream woody debris were common to all 
candidate models in the top model set, having relative importance values of 1.00 (Table 2.9). 
Average width was positively associated with Blackside Darter presence whereas woody debris 
decreased the probability of Blackside Darter presence (Figure 2.7). Average depth and boulder 
substrate were also considered important in predicting Blackside Darter presence with relative 
importance values ≥0.60, but the slopes of these relationships did not differ from zero (Table 2.9; 
Figure 2.7). Macrophytes, bare bank, pH, gravel substrate, flow velocity, and turbidity were also 
identified as potentially important variables for Blackside Darter presence but had relative 
importance values <0.60 and the slopes of these relationship did not differ from zero (Table 2.9).  
The top model set for the fish abundance variables model included six candidate models 
with ΔAICc ≤ 2 (Table 2.8). Quillback Carpsucker CPUE, Shorthead Redhorse CPUE, and 
Yellow Bullhead CPUE were included in all candidate models in the top model set. These three 
variables each positively influenced the presence of Blackside Darters and had relative 
importance values of 1.00 (Table 2.9; Figure 2.7). Creek Chub CPUE was also considered 
important in predicting Blackside Darter presence with a relative importance value ≥0.60, but the 
slope of this relationship did not differ from zero (Table 2.9; Figure 2.7). Fathead Minnow 
CPUE, Spotfin Shiner CPUE, and Bigmouth Shiner (Notropis dorsalis) CPUE were also 
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included in the top six models but had relative importance values <0.60, and the slopes of these 
relationships with Blackside Darter presence did not differ from zero (Table 2.9). 
Northern Rock Bass 
A total of 341 Northern Rock Bass were sampled at 44 of 66 (67%) sites in the Boone 
River watershed (Figure 2.3). Therefore, results only reflect Northern Rock Bass in the Boone 
River watershed. Fish assemblages and abiotic characteristics differed between sites where 
Northern Rock Bass were present and absent (Figure 2.8). Northern Rock Bass were often 
present at sites with higher relative abundances of Channel Catfish, Golden Redhorse, Northern 
Hogsucker, and Shorthead Redhorse while being absent at sites with higher relative abundances 
of Blacknose Dace and Creek Chub (Figure 2.8A; stress = 0.18; P = 0.001). Sites with large 
watershed size and average width along with large amounts of bare bank and high pH also 
tended to be sites where Northern Rock Bass were present (Figure 2.8B; stress = 0.12; P = 
0.001). 
The top model set for the all variables model included three candidate models with 
ΔAICc ≤ 2 (Table 2.10). The percentage of sampled fish represented by the top three most 
abundant species and species richness were common to all candidate models in the top model set, 
having relative importance values of 1.00 (Table 2.11). The percentage of sampled fish 
represented by the top three most abundant species had a negative association with Northern 
Rock Bass presence whereas species richness was positively associated with Northern Rock Bass 
presence (Figure 2.9). The percentage of sampled individuals representing top carnivores was 
also considered important in predicting Northern Rock Bass presence with a relative importance 
value ≥0.60, although the slope of this relationship did not differ from zero (Table 2.11; Figure 
2.9). Brook Stickleback (Eucalia inconstans) CPUE was also identified as a potentially 
important variable to predict Northern Rock Bass presence; however, it had a relative importance 
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<0.60 and the slope of this relationship did not differ from zero (Table 2.11). 
The top model set for the abiotic variables model included three candidate models with 
ΔAICc ≤ 2 (Table 2.10). Average wetted width, overhanging banks, and temperature were 
common to all candidate models in the top model set, all having positive associations with 
Northern Rock Bass presence and relative importance values of 1.00 (Table 2.11; Figure 2.9). 
Average depth and watershed size were also included in the top three models but had relative 
importance values <0.60 and the slopes of these relationships did not differ from zero (Table 
2.11). 
The top model set for the fish abundance variables model included nine candidate models 
with ΔAICc ≤ 2 (Table 2.10). Johnny Darter (Etheostoma nigrum) CPUE and Northern 
Hogsucker CPUE were both included in all candidate models in the top model set, having 
relative importance values of 1.00 (Table 2.11). Johnny Darter CPUE had a negative association 
with Northern Rock Bass presence whereas Northern Hogsucker CPUE was positively 
associated with Northern Rock Bass presence (Figure 2.9). Green Sunfish (Lepomis cyanellus) 
CPUE was also considered important in predicting Northern Rock Bass presence with a relative 
importance value ≥0.60, but the slope of this relationship did not differ from zero (Table 2.11; 
Figure 2.9). Brook Stickleback CPUE, Smallmouth Bass CPUE, and Rosyface Shiner CPUE 
were also included in the top nine models but had relative importance values <0.60, and the 
slopes of these relationships with Northern Rock Bass presence did not differ from zero (Table 
2.11).  
Suckermouth Minnow 
A total of 160 Suckermouth Minnows were sampled at 32 of 90 (36%) sites in the Boone 
and North Raccoon River watersheds (Figure 2.3). Therefore, results only reflect Suckermouth 
Minnows in these systems. Fish assemblages differed between sites where Suckermouth 
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Minnows were present and absent (Figure 2.10A). Sites where Suckermouth Minnows were 
absent had a higher variation in fish assemblages compared to sites were they were present 
(Figure 2.10A; stress = 0.19; P = 0.001). Abiotic characteristics were similar between sites 
where Suckermouth Minnows were present and absent. Sites where Suckermouth Minnows were 
absent showed slightly more variation in abiotic characteristics although there was a large 
amount of overlap of ordination space.  
The top model set for the all variables model included 16 candidate models with ΔAICc ≤ 
2 (Table 2.12). Gravel substrate was included in all candidate models in the top model set, 
having a positive association with Suckermouth Minnow presence and a relative importance of 
1.00 (Table 2.13; Figure 2.11). Species richness, Creek Chub CPUE, and Fantail Darter 
(Etheostoma flabellare) CPUE were also considered important in predicting Suckermouth 
Minnow presence with relative importance values ≥0.60, but the slopes of these relationships did 
not differ from zero (Table 2.13; Figure 2.11). Riparian grass vegetation, the percentage of a site 
with soft substrate, macrophytes, and Sand Shiner (Notropis stramineus) CPUE were also 
identified as potentially important variables in predicting Suckermouth Minnow presence, but 
these variables had relative importance values <0.60 and the slopes of these relationships did not 
differ from zero (Table 2.13). 
The top model set for the abiotic variables model included 11 candidate models with 
ΔAICc ≤ 2 (Table 2.12). Average depth and minimum depth were included in all candidate 
models in the top model set, having relative importance values of 1.00 (Table 2.13). Average 
depth was positively associated with Suckermouth Minnow presence whereas minimum depth 
was negatively associated with Suckermouth Minnow presence (Figure 2.11). Gravel substrate 
and the percentage of a site with soft substrate were also considered important in predicting 
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Suckermouth Minnow presence with relative importance values ≥0.60, but the slopes of these 
relationships with Suckermouth Minnow presence did not differ from zero (Table 2.13; Figure 
2.11). Macrophytes, flow velocity, riparian grass vegetation, and watershed size were also 
potentially important in predicting Suckermouth Minnow presence but had relative importance 
values <0.60, and the slopes of these relationships with Suckermouth minnow presence did not 
differ from zero (Table 2.13). 
The top model set for the fish abundance variables model included 16 candidate models 
with ΔAICc ≤ 2 (Table 2.12). Fantail Darter CPUE and Spotfin Shiner CPUE were common to 
all candidate models in the top model set. Both had positive associations with Suckermouth 
Minnow presence and relative importance values of 1.00 (Table 2.13; Figure 2.11). Largemouth 
Bass CPUE was also considered important in predicting Suckermouth Minnow presence with a 
relative importance value ≥0.60, but the slope of this relationship did not differ from zero (Table 
2.13; Figure 2.11). Northern Hogsucker CPUE, Creek Chub CPUE, Blacknose Dace CPUE, 
Hornyhead Chub (Nocomis biguttatus) CPUE, and Brook Stickleback CPUE were all included in 
the top 16 models, but each had a relative importance <0.60 and the slopes of these relationships 
with Suckermouth Minnow did not differ from zero (Table 2.13). 
Tadpole Madtom 
A total of 65 Tadpole Madtoms were sampled at 16 of 80 (20%) sites in the Boone and 
Rock River watersheds (Figure 2.3). Therefore results only reflect Tadpole Madtoms in these 
systems. Fish assemblages differed between sites where Tadpole Madtoms were present and 
absent (Figure 2.12A). Fish assemblages were more variable at sites where Tadpole Madtoms 
were absent than sites where they were present (Figure 2.12A; stress = 0.20; P = 0.01). Abiotic 
characteristics tended to be more variable but did not significantly differ between sites where 
Tadpole Madtoms were present and absent (Figure 2.12B; stress = 0.12; P = 0.11). 
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The top model set for the all variables model included four candidate models with ΔAICc 
≤ 2 (Table 2.14). Species richness, the percentage of sampled individuals representing top 
carnivores, and gravel substrate were common to all candidate models in the top model set, 
having relative importance values of 1.00 (Table 2.15). Species richness was positively 
associated with Tadpole Madtom presence whereas gravel substrate and the percentage of 
sampled individuals representing top carnivores had negative associations with Tadpole Madtom 
presence (Figure 2.13). Topeka Shiner CPUE, Common Shiner CPUE, and Fathead Minnow 
CPUE were also included in the top four models, but each had relative importance values <0.60, 
and the slope of these relationships did not differ from zero (Table 2.15).  
The top model set for the abiotic variables model included five candidate models with 
ΔAICc ≤ 2 (Table 2.14). Gravel substrate was included in all candidate models in the top model 
set, having a negative association with Tadpole Madtom presence and relative importance of 
1.00 (Table 2.15; Figure 2.13). The percentage of a site with soft substrate, sand substrate, 
minimum depth, and deep or pool habitats were also identified as potentially important in 
predicting Tadpole Madtom presence, but each had relative importance values <0.60, and the 
slope of these relationships did not differ from zero (Table 2.15). 
The top model set for the fish abundance variables model included 10 candidate models 
with ΔAICc ≤ 2 (Table 2.14). Hornyhead Chub CPUE was included in all candidate models in 
the top model set, having a positive association with Tadpole Madtom presence and a relative 
importance of 1.00 (Table 2.15; Figure 2.13). Orangespotted Sunfish CPUE was also considered 
important in predicting Tadpole Madtom presence with a relative importance value ≥0.60, but 
the slope of this relationship did not differ from zero (Table 2.15; Figure 2.13). Yellow Bullhead 
CPUE, Northern Hogsucker CPUE, and Common Carp (Cyprinus carpio) CPUE were also 
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included in the top 10 models but had relative importance values <0.60, and the slopes of these 
relationships with Tadpole Madtom presence did not differ from zero (Table 2.15). 
Topeka Shiner 
A total of 790 Topeka Shiners were sampled at 40 of 111 (36%) sites throughout all 
watersheds in this study (Figure 2.3). Fish assemblages and abiotic characteristics differed 
between sites where Topeka Shiners were present and absent (Figure 2.14). Topeka Shiners 
tended to be present at sites with lower relative abundances of Golden Redhorse and Channel 
Catfish (Figure 2.14A; stress = 0.22; P = 0.001). Sites where Topeka Shiners were present often 
had lower amounts of canopy cover, tree and root wads, woody riparian vegetation, instream 
woody debris, and instream small brush compared to sites where they were absent (Figure 2.14B; 
stress = 0.12; P = 0.02).  
The top model set for the all variables model included 15 candidate models with ΔAICc ≤ 
2 (Table 2.16). Canopy cover, Fantail Darter CPUE, and Orangespotted Sunfish CPUE were 
common to all candidate models in the top model set, having relative importance values of 1.00. 
Canopy cover and Fantail Darter CPUE were negatively associated with Topeka Shiner presence 
whereas Orangespotted Sunfish CPUE had a positive association with Topeka Shiner presence 
(Figure 2.15). The percentage of individuals representing top carnivores, Yellow Bullhead 
CPUE, Black Bullhead CPUE, sand substrate, Creek Chub CPUE, and Fathead Minnow CPUE 
were also identified as potentially important for predicting Topeka Shiner presence but all had 
relative importance values <0.60, and the slope of these relationships did not differ from zero 
(Table 2.17).  
The top model set for the abiotic variables model included five candidate models with 
ΔAICc ≤ 2 (Table 2.16). Canopy cover and temperature were included in all candidate models in 
the top model set, having relative importance values of 1.00 (Table 2.17). Canopy cover was 
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negatively associated with Topeka Shiner presence whereas temperature had a positive 
association with Topeka Shiner presence (Figure 2.15). Silt substrate was also considered 
important in predicting Topeka Shiner presence with a relative importance value ≥0.60, but the 
slope of this relationship did not differ from zero (Table 2.17; Figure 2.15). Conductivity, 
riparian grass vegetation, and watershed size were also identified as potentially important in 
predicting Topeka Shiner presence, but had relative importance values <0.60, and the slopes of 
these relationships with Topeka Shiner presence did not differ from zero (Table 2.17). 
The top model set for the fish abundance variables model included 14 candidate models 
with ΔAICc ≤ 2 (Table 2.16). Fantail Darter CPUE and Orangespotted Sunfish CPUE were 
included in all candidate models in the top model set, having relative importance values of 1.00 
(Table 2.17). Fantail Darter CPUE was negatively associated with Topeka Shiner presence 
whereas Orangespotted Sunfish CPUE was positively associated with Topeka Shiner presence 
(Figure 2.15). Yellow Bullhead CPUE was also considered important in predicting Topeka 
Shiner presence with a relative importance value ≥0.60, but the slope of this relationship did not 
differ from zero (Table 2.17; Figure 2.15). Largemouth Bass CPUE, Smallmouth Bass CPUE, 
Fathead Minnow CPUE, Black Bullhead CPUE, Northern Hogsucker CPUE, Creek Chub CPUE, 
and Bluntnose Minnow (Pimephales notatus) CPUE were also included in the top 14 models, but 
all had relative importance values <0.60 and the slopes of these relationships did not differ from 
zero (Table 2.17). 
Discussion 
Understanding factors associated with the presence of SGCN and development of 
quantitative models reflecting the effects of those factors are important goals for conservation 
research (Morrison et al. 2006). I developed three sets of models (all variables, abiotic variables, 
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and fish abundance variables) to examine the associations of fish SGCN with different groups of 
local scale predictor variables. Through this process, I was able to examine how prediction 
accuracy and potentially important variables differed among models and species. The all 
variables and the fish abundance variables models were both more accurate at predicting 
presence than the abiotic variables model. Therefore, fish assemblage variables could be better 
predictors of SGCN presence than abiotic characteristics overall. However, the most important 
individual variables used to predict SGCN presence varied across models and species.  
When examining the all variables logistic regression model, 11 variables had a relative 
importance value ≥0.60 and were considered important across all six species. SGCN tended to be 
present at sites with higher species richness or at sites where the fish assemblage was not 
dominated by only a few species. Sites with higher species richness and diverse assemblages are 
often thought to be of greater quality overall (Karr 1981; Lyons 1992; Rowe et al. 2009a) that 
could explain the presence of rare species at these sites. However, most of the variables that were 
determined as important by the all variables model selection process were unique to just one fish 
species of interest, potentially complicating conservation decisions and signaling the need for 
species specific conservation actions. 
When examining the abiotic variables model, 12 variables had a relative importance 
value ≥0.60 and were considered important across all six species. The presence of SGCN 
generally had a positive association with average wetted width. Stream reaches that are wider 
often have the potential for a greater variety of habitat types that can sustain a greater number of 
species, including SGCN (Rahel and Hubert 1991; Matthews 1998; McGarvey and Ward 2008). 
Substrate type also tended to influence the presence of SGCN. Banded Darters and Suckermouth 
Minnows were present at sites with coarse, gravel substrates, whereas Tadpole Madtom and 
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Topeka Shiner were present at sites with soft substrates, such as sand and silt. These associations 
are related to each species’ preferred flow regime. Banded Darters and Suckermouth Minnows 
prefer areas of swift current (Page and Burr 2011) that are not typically areas of deposition for 
suspended sediment, keeping coarse substrates exposed (Allan and Castillo 2007). Slower 
moving runs and pools where Tadpole Madtoms and Topeka Shiners are commonly found are 
typically areas where silt and sand are deposited and accumulate (Allan and Castillo 2007). 
Blackside Darter presence was positively associated with boulder substrate in watersheds 
evaluated here, likely driven by two sites where Blackside Darters were present that had much 
higher amounts of boulder substrate (~45%) than any other sites sampled. Conversely, Blackside 
Darters are often found in areas with gravel and sand substrates in the Midwestern United States 
(Page and Burr 2011).  
When examining the fish abundance variables models, 13 variables had a relative 
importance value ≥0.60 and were considered important across all six species. Species specific 
associations tended to place the SGCN into two guilds of habitat preference: 1) rocky substrate 
and swift current and 2) sand or silt substrate and slowly moving pools. Banded Darters and 
Suckermouth Minnows were typically found at sites with high abundances of species that prefer 
swift current over rocky substrate, such as Fantail Darter and Northern Hogsucker (Page and 
Burr 2011). They were also often sampled with high abundances of White Suckers and Spotfin 
Shiners that are more general in their habitat selection but are often found in areas of current 
(CITE). Blackside Darters, Tadpole Madtoms, and Topeka Shiners were typically present at sites 
with high abundances of species that prefer soft substrate and slow or no current, such as 
Orangespotted Sunfish, Yellow Bullhead, and Quillback Carpsuckers. Numerous SGCN have 
adapted to and prefer pool or riffle habitats (Harlan and Speaker 1969). However, 90% of the 
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stream was classified as run habitat in this study, largely as a result of stream channelization due 
to land use changes. Consequently, many of these species have been in decline for decades (e.g., 
Tadpole Madtoms, Sindt et al. 2011), as the amounts of pool and riffle habitat types have 
declined in Iowa and southern Minnesota.  
Topeka Shiners, the only endangered species sampled, were negatively associated with 
canopy cover at stream sites and were often found at sites with little woody debris. In addition, 
Topeka Shiners were positively associated with water temperature. Potentially, Topeka Shiners 
may have actively sought out areas with few trees because these areas tend to have warmer water 
(Rutherford et al. 1997). Koehle and Adelman (2007) found that the optimal temperature for 
Topeka Shiner growth was 27° C whereas piscivorous fishes captured in this study, including 
Smallmouth Bass, often have lower optimal temperature ranges (Bevelhimer 1996). Therefore, 
Topeka Shiners could be using areas of higher temperature as refuges from piscivores. However, 
it is important to note other factors influencing these relationships. Sampling occurred over the 
course of several months in 2016-2017. Sixty percent of surveys where Topeka Shiners were 
sampled occurred in July 2016 or 2017, one of the hottest months in Iowa. Potentially, general 
warming of stream water and increased canopy cover in the middle of summer could have 
influenced these relationships. Furthermore, the addition of young of year Topeka Shiners into 
these systems throughout the summer could increase our probability of detection. Further 
research could be needed to fully understand these associations with canopy cover and 
temperature. 
Topeka Shiner presence was also positively associated with relative abundance of 
Orangespotted Sunfish. Orangespotted Sunfish commonly occur with Topeka Shiners (Pflieger 
1997; Bakevich 2013) and are known nest associates (Campbell et al. 2016). Topeka Shiner 
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presence was also positively associated with Yellow Bullhead relative abundance, although the 
coefficient for this relationship was not significantly different from zero. Yellow Bullheads are 
commonly found in pool habitats and areas with slow or sluggish current with silt and mud 
substrates (Page and Burr 2011). Topeka Shiners display similar habitat use, often being sampled 
in slowly flowing pools and in stagnant off-channel habitats (Menzel and Clark 2002; Bakevich 
2013). Thus, these species would be expected to be found at sites with similar conditions. In 
contrast, Topeka Shiners were negatively associated with Fantail Darter CPUE. Fantail Darters 
are often sampled in rocky riffles and areas of medium to swift current (Page and Burr 2011). Of 
25 sites where Fantail Darters were sampled, Topeka Shiners were only present at one, which 
could be a result of the two species typically using different habitat types. 
Few studies have evaluated associations of these six SGCN fishes, other than those 
described above for Topeka Shiners. Banded Darter and Blackside Darter associations in Iowa 
were described using a similar methodology using logistic regression and relative importance 
values to determine important variables (Sindt et al. 2012). Similar to my results, (CITE) 
determined that Banded Darters were positively associated with wetted width and coarse 
substrates (gravel). However they also determined that Banded Darters were positively 
associated with the percentage of the bank that was bare. This is a variable that I included as a 
potential predictor variable, but in my analysis was not important for Banded Darter presence. 
Sindt et al. (2012) also determined that Blackside Darters were negatively associated with stream 
depth and velocity while being positively associated with the percentage of the bank that was 
bare. My results also show a negative association with stream depth. However, stream velocity 
and percentage of bare bank were not important for Blackside Darter presence in my predictive 
models. Quantitative models for several other SGCN fishes are lacking. However, there are 
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examples of observational studies that describe qualitative relationships in many cases (Pflieger 
1997; Page and Burr 2011). Northern Rock Bass are often found in moderate current in areas 
with silt-free bottoms and an abundance of woody structure or vegetation (Pflieger 1997). Flow 
velocity, substrate type, and instream cover were all potential predictor variables but were not 
important for Northern Rock Bass presence in my models. Suckermouth Minnows are often 
found in riffle areas abundant with gravel substrate and rarely over silt (Pflieger 1997). 
Suckermouth Minnows were positively associated with gravel substrate and negatively 
associated with soft substrates in my models. In addition, Suckermouth Minnows were positively 
associated with Fantail Darters that are also commonly found in riffle habitats. Tadpole Madtoms 
are commonly found in areas with little or no current and mud bottoms (Page and Burr 2011). 
Tadpole Madoms are also abundant in ditches and areas with dense vegetation for cover (Pflieger 
1997). My models did not show a positive association of Tadpole Madtoms with soft substrates 
(silt, muck), but did show a negative association with gravel substrate. I also did not identify any 
association between Tadpole Madtoms with woody cover or vegetation. In some cases, my 
results match previous knowledge about these species. In several instances, though, my results 
did not support previous research or observations, but never completely contradicted previous 
knowledge on these species. It is important to note that many observational studies on these 
species were not conducted in Iowa and southern Minnesota and, thus, differences in 
environmental conditions could be part of why some results were not fully supported. The same 
species may use slightly different habitat types based on how modified their system is, making it 
important for managers to understand the associations of rare species in their area. 
High variability in important predictor variables among SGCN complicates standard 
management and conservation practices regarding these species. It is uncommon that specific 
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conservation actions are taken on a single fish SGCN unless that species is further listed as 
threatened or endangered, such as Topeka Shiners (Kubasek et al. 1994; USFWS 1998). A more 
common approach by managers is an attempt to improve the populations of several species 
simultaneously (Saunders et al. 2002; Iowa Department of Natural Resources 2015a). Moreover, 
the perceived relative importance of the fish assemblage compared to abiotic characteristics for 
the presence of several fish SGCN further complicates management actions. Stream restoration 
projects may result in changed habitat characteristics, but changing the local fish assemblage 
may be more difficult. Therefore, further research is needed to assess how instream habitat 
restorations influence any potential changes to the fish assemblage. 
Abiotic conditions at a stream site are thought to greatly influence the presence and 
abundance of fishes (Bond and Lake 2003; Powers et al. 2003; Gerhard et al. 2004; Kollaus and 
Bonner 2012). A possible reason that my models seemed to suggest that fish assemblage 
variables were more important to predict SGCN presence than habitat variables is that streams 
sampled for this project had relatively homogeneous abiotic conditions (Stauffer et al. 2000; 
Heitke et al. 2006). This homogeneity was likely due to many stream sites being heavily 
modified by channelization that limited the variability of abiotic characteristics between sites and 
could have resulted in reduced effects on associations with SGCN presence. 
There were a few sources of potential bias in this study. The most likely source is 
sampling efficiency. The nature of electrofishing small to medium streams presents difficult 
situations where a large proportion of fish present at a site may not be captured. Price and 
Peterson (2010) estimated that capture efficiency when electrofishing wadeable streams ranged 
from 3%-29%, depending on species. There could have been instances where a SGCN of interest 
was present at a site but not detected by the sampling crew and thus recorded as absent from the 
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site. The use of two sampling methods (electrofishing and seining) at each site reduced gear 
detection bias, attempting to sample all species present. Nonetheless, some species may have still 
been present but not detected at some sites. Another source of potential bias relates to fish 
assemblage and abiotic differences among watersheds and sub watersheds. As rare species, the 
six SGCN of interest may not have been present in all watersheds that were sampled. To reduce 
watershed bias for the fish assemblage during analysis, I removed sites from watersheds where 
the SGCN of interest was not sampled. Preliminary analyses showed that few abiotic 
characteristics significantly differed between sampled watersheds. However, when analyzing 
each watershed separately, results either became less meaningful and interpretable because of 
small sample size, or logistic regression and important variable results were analogous to the 
overall results presented here. Therefore, I choose to report all watersheds together. Moreover, 
SGCN are listed based on overall state population trends within each Iowa and Minnesota 
without accounting for watershed differences. 
 In areas of Iowa and Minnesota where streams have been highly modified and degraded, 
it is important to understand instream associations of SGCN. These associations further our 
understanding of the preferences and requirements of rare species and can help explain their 
decline. I have presented several associations of six of Iowa and Minnesota’s SGCN, and based 
on results of previous studies, I have postulated some underlying mechanisms of these 
relationships. However, further research is needed to determine the nature of many of these 
relationships. Understanding why species prefer certain conditions or are often found co-
occurring with other species will allow biologists and watershed managers to better make 
conservation plans that may improve populations of SGCN. Depending on the goals of specific 
conservation plans, the standard approach of multispecies conservation practices may not always 
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be the most appropriate. As the results of this project and others have shown, species-specific 
conservation actions may be best in some cases. However, generalized efforts to create and 
protect instream habitat heterogeneity would likely be beneficial for many fish SGCN. 
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Table 2.1. Six fish species of greatest conservation need (SGCN), watersheds where they were sampled, 
number of sites they were present, number of sites sampled in those watersheds, and number of predictor 
variables included in logistic regression. 
Species Watersheds present 
# sites 
present 
# sites included in 
analysis 
# variables included in 
each model 
Banded Darter BRW 28 66 6 
Blackside Darter All 46 111 11 
Northern Rock Bass BRW 44 66 6 
Suckermouth Minnow BRW, NRRW 32 90 9 
Tadpole Madtom BRW, RRW 16 80 8 
Topeka Shiner All 40 111 11 
 BRW = Boone River watershed 
 BVC = Beaver Creek watershed 
 NRRW = North Raccoon River watershed 
 RRW = Rock River watershed 
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Table 2.2. Percent occurrence (# sites where a species was present/ # sites sampled), total abundance (total number of individuals collected), and 
mean relative abundance (electrofishing catch per 100m2) of each species across all sampling sites in streams in Iowa and Minnesota in 2016-
2017. Data are shown separately for sites where Topeka Shiners (TS) were present and absent. 
  % occurrence Total Abundance Mean CPUE (#/100m2) 
Common Name Scientific Name TS Present TS Absent TS Present TS Absent TS Present TS Absent 
Banded Darter* Etheostoma zonale 15.0 31.0 38 143 0.03 0.08 
Bigmouth Buffalo Ictiobus cyprinellus 7.5 0.0 4 0 <0.01 0.00 
Bigmouth Shiner Notropis dorsalis 75.0 83.1 1,164 1,442 1.80 2.82 
Black Bullhead Ameiurus melas 57.5 25.4 174 105 0.46 0.16 
Black Crappie Pomoxis nigromaculatus 0.0 2.8 0 4 0.00 0.01 
Blacknose Dace Rhinichthyes obtusus 67.5 64.8 601 2,951 2.84 9.23 
Blackside Darter* Percina maculate 50.0 36.6 76 79 0.11 0.08 
Bluegill Lepomis macrochirus 30.0 16.9 21 37 0.04 0.05 
Bluntnose Minnow Pimephales notatus 82.5 95.8 2,782 3,854 4.09 4.22 
Brassy Minnow Hybognathus hankinsoni 35.0 12.7 146 50 0.14 0.05 
Brook Stickleback Eucalia inconstans 35.0 22.5 250 221 0.63 0.68 
Bullhead Minnow Pimephales vigilax 0.0 1.4 0 3 0.00 <0.01 
Central Stoneroller Campostoma anomalum 85.0 93.0 793 2,635 3.18 4.81 
Channel Catfish Ictalurus punctatus 32.5 22.5 42 109 0.03 0.03 
Common Carp Cyprinus carpio 25.0 14.1 33 24 0.13 0.02 
Common Shiner Luxilus cornutus 95.0 93.0 6,041 5,799 10.68 8.77 
Creek Chub Semotilus atromaculatus 97.5 98.6 2,304 5,790 10.25 11.73 
Emerald Shiner Notropis atherinoides 0.0 1.4 0 24 0.00 0.01 
Fantail Darter Etheostoma flabellare 2.5 33.8 2 178 <0.01 0.16 
Fathead Minnow Pimephales promelas 92.5 49.3 5,477 1,315 17.15 2.29 
Flathead Catfish Pylodictis olivaris 0.0 1.4 0 1 0.00 <0.01 
Freshwater Drum Aplodinotus grunniens 0.0 2.8 0 3 0.00 <0.01 
Gizzard Shad Dorosoma cepedianum 10.0 8.5 15 70 0.01 0.03 
Golden Redhorse Moxostoma erythurum 42.5 47.9 299 634 0.26 0.31 
Golden Shiner* Notemigonus crysoleucus 0.0 1.4 0 1 0.00 <0.01 
Green Sunfish Lepomis cyanellus 92.5 81.7 1,292 956 2.36 1.46 
Highfin Carpsucker Carpiodes velifer 12.5 8.5 19 63 0.01 0.02 
Hornyhead Chub Nocomis biguttatus 42.5 52.1 645 871 0.80 1.13 
Hybrid Sunfish Lepomis spp. 10.0 2.8 5 5 0.01 0.01 
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Table 2.2 (continued)        
    % occurrence Total Abundance Mean CPUE (#/100m2) 
Common Name Scientific Name TS Present TS Absent TS Present TS Absent TS Present TS Absent 
Iowa Darter* Etheostoma exile 5.0 1.4 3 5 0.01 0.02 
Johnny Darter Etheostoma nigrum 95.0 90.1 937 1,773 1.92 3.35 
Largemouth Bass Micropterus salmoides 22.5 15.5 19 33 0.03 0.03 
Northern Hogsucker Hypentelium nigricans 27.5 45.1 53 276 0.07 0.14 
Northern Pike* Esox lucius 15.0 2.8 9 3 0.02 0.01 
Northern Rock Bass* Ambloplites rupestris 27.5 46.5 70 271 0.07 0.29 
Orangespotted Sunfish Lepomis humilis 90.0 35.2 808 295 1.27 0.20 
Plains Topminnow* Fundulus sciadicus 7.5 2.8 59 96 0.16 0.30 
Quillback Carpsucker Carpiodes cyprinus 20.0 23.9 21 113 0.01 0.05 
Red Shiner Cyprinella lutrensis 25.0 7.0 124 170 0.31 0.10 
River Carpsucker Carpiodes carpio 12.5 5.6 8 27 0.01 0.01 
Rosyface Shiner Notropis rubellus 35.0 42.3 201 825 0.28 0.51 
Sand Shiner Notropis stramineus 82.5 87.3 2,825 5,879 4.92 8.59 
Shorthead Redhorse Moxostoma macrolepidotum 25.0 22.5 105 171 0.08 0.09 
Silver Chub Macrhybopsis storeriana 0.0 1.4 0 1 0.00 <0.01 
Silver Redhorse* Moxostoma anisurum 5.0 1.4 4 1 0.01 <0.01 
Slender Madtom* Noturus exilis 2.5 4.2 1 5 <0.01 <0.01 
Slenderhead Darter* Percina phoxocephala 7.5 4.2 21 4 0.01 <0.01 
Smallmouth Bass Micropterus dolomieu 20.0 43.7 30 354 0.03 0.32 
Southern Redbelly Dace Chrosomus erythrogaster 0.0 1.4 0 2 0.00 0.01 
Speckled Chub Macrhybopsis aestivalis 0.0 1.4 0 2 0.00 <0.01 
Spotfin Shiner Cyprinella spiloptera 50.0 38.0 1,092 1,100 0.97 0.59 
Stonecat Noturus flavus 35.0 25.4 53 115 0.10 0.05 
Suckermouth Minnow* Phenacobius mirabilis 22.5 32.4 28 132 0.04 0.15 
Tadpole Madtom* Noturus gyrinus 32.5 4.2 58 7 0.13 0.01 
Walleye Sander vitreus 0.0 1.4 0 1 0.00 <0.01 
White Sucker Catostomus commersoni 92.5 90.1 1,633 2,685 4.21 3.75 
Yellow Bullhead Ameiurus natalis 47.5 22.5 52 31 0.08 0.03 
 *SGCN 
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Table 2.3. Water quality, habitat, and aggregate fish abundance variables included in random forest modeling. Definitions of each variable are 
given. Means and standard deviations are listed separately for sites where Topeka Shiners (TS) were present and absent and averaged across all 
sites.  
  TS Absent TS Present All Sites 
Variable Definition Mean SD Mean SD Mean SD 
Water quality        
   Temperature Temperature reading measured once at each site (°C) 20.0 3.7 22.3 3.7 20.8 3.8 
   Conductivity Conductivity reading measured once at each site (mS/cm) 0.7 0.1 0.7 0.1 0.7 0.1 
   pH pH reading measured once at each site 8.1 0.3 8.1 0.3 8.1 0.3 
   DO Dissolved oxygen reading measured once at each site (mg/L) 7.8 2.3 7.8 2.5 7.8 2.3 
   Turbidity Turbidity reading measured once at each site (NTU) 14.9 10.4 16.7 14.0 15.5 11.8 
Habitat        
   Avg. width Average wetted width (m) at transects 8.2 4.5 8.5 4.2 8.3 4.4 
   Avg. depth Average water depth for whole site (m) 0.5 0.2 0.6 0.2 0.5 0.2 
   Min depth Minimum water depth (m) measured at a site 0.1 0.1 0.1 0.1 0.1 0.1 
   Watershed size Area of land that drains to each site 76.8 125.2 64.2 62.7 72.3 106.8 
   Flow Average water velocity for whole site (m/sec) 0.2 0.2 0.2 0.2 0.2 0.2 
   Filamentous Filamentous algae long enough for fish cover; transect estimates averaged 0.6 0.5 0.6 0.5 0.6 0.5 
   Macrophytes Submerged macrophytes providing fish cover; transect estimates averaged 0.6 0.5 0.6 0.7 0.6 0.6 
   Woody debris Woody debris (>0.3m diam.) in the water; transect estimates averaged 0.2 0.2 0.1 0.2 0.1 0.2 
   Small brush Woody debris (<0.3m diam.) in the water; transect estimates averaged 0.7 0.5 0.4 0.7 0.6 0.6 
   Trees/roots Tree branches or roots in water; transect estimates averaged 0.4 0.4 0.1 0.2 0.3 0.4 
   Overhanging banks Bluff-like, typically steep banks; transect estimates averaged 0.5 0.5 0.4 0.6 0.5 0.5 
   Undercut banks Banks extending over stream near water level; transect estimates averaged 0.3 0.3 0.2 0.6 0.2 0.4 
   Boulders Rocks larger than a basketball; transect estimates averaged 0.4 0.5 0.4 0.5 0.4 0.5 
   Artificial structure Any non-natural features in the stream; transect estimates averaged 0.2 0.3 0.2 0.3 0.2 0.3 
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Table 2.3 (continued)        
  TS Absent TS Present All Sites 
Variable Definition Mean SD Mean SD Mean SD 
   Depth/pool Estimated area ≥0.61m. deep; transect estimates averaged 0.9 0.9 1.2 1.0 1.0 1.0 
   Bank angle Average of all bank angles at a site 40.5 12.4 41.6 15.9 40.9 13.7 
   Bare bank Average of all bare bank percentage estimates at a site 30.0 22.9 25.7 25.5 28.4 23.9 
   Canopy cover Percentage of site with canopy cover based on densiometer readings at each transect 25.9 25.9 7.6 13.0 19.3 23.8 
   Percent pool Percent of site as pool habitat 5.7 16.4 5.5 17.5 5.6 16.7 
   Percent riffle Percent of site as riffle habitat 5.2 8.3 2.6 5.0 4.3 7.4 
   Woody riparian veg. Density of woody riparian vegetation around transects 5.4 1.6 6.0 1.8 5.6 1.7 
   Riprap substrate Percent of site with riprap substrate  0.8 2.1 1.1 2.4 0.9 2.2 
   Boulder substrate Percent of site with boulder substrate  1.6 4.1 4.0 10.7 2.4 7.2 
   Cobble substrate Percent of site with cobble substrate  13.8 18.7 6.7 9.0 11.0 16.2 
   Gravel substrate Percent of site with gravel substrate  24.2 17.5 14.9 16.1 20.8 17.5 
   Sand substrate Percent of site with sand substrate  43.1 24.9 40.3 30.0 42.1 26.9 
   Silt substrate Percent of site with silt substrate  13.8 18.9 24.5 26.1 17.6 22.2 
   Clay substrate Percent of site with clay substrate  1.5 4.0 4.2 15.8 2.4 10.1 
   Muck substrate Percent of site with muck substrate  0.8 2.3 3.6 12.3 1.8 7.7 
   Soft substrate  Percent of site with soft/small substrate 73.8 24.7 77.5 25.5 75.1 25.0 
Aggregate fish abundance 
      
   Piscivore CPUE Abundance of piscivores per 100m2 0.2 0.3 0.7 2.6 0.5 2.1 
   SGCN CPUE Abundance of SGCN per 100m2 0.6 0.9 0.9 2.6 0.8 2.2 
   Species richness Total number of fish species present at a site 19.6 5.4 17.0 5.5 17.9 5.6 
   Fish index of  biotic 
 integrity 
Index of fish assemblage health based on abundance of different 
species groups 47.7 7.9 48.2 11.4 48.1 10.2 
   Top 3 abundant 
species % 
Percent of sampled individuals representing the three most 
abundant species 65.5 12.0 64.4 13.4 64.8 12.9 
   Benthic invertivore % Percent of sampled individuals as benthic invertivores 6.4 5.2 10.4 10.9 9.0 9.5 
   Omnivore % Percent of sampled individuals as omnivores 27.9 17.4 20.3 15.5 23.0 16.5 
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Table 2.3 (continued)        
  TS Absent TS Present All Sites 
Variable Definition Mean SD Mean SD Mean SD 
   Top carnivore % Percent of sampled individuals as piscivores 0.8 2.1 2.2 3.9 1.7 3.4 
   Lithophilic spawner % Percent of sampled individuals lithophilic spawners 1.6 2.8 3.7 6.7 3.0 5.7 
   Tolerance index Tolerance level of assemblage based on species present 6.8 1.0 6.2 1.1 6.4 1.1 
   Deformities % Percent of sampled individuals with deformities 0.0 0.1 0.1 0.3 0.1 0.2 
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Table 2.4. Random forest out of bag error rates (%) for the all variables, abiotic variables, 
and fish abundance variables models. 
 Model 
Species 
All 
variables Abiotic variables 
Fish abundance 
variables 
Banded Darter 15.2 18.2 13.6 
Blackside Darter 28.8 30.6 26.1 
Northern Rock Bass 4.6 18.2 12.1 
Suckermouth Minnow 25.6 31.1 27.8 
Tadpole Madtom 18.8 22.5 16.3 
Topeka Shiner 16.2 23.4 18.9 
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Table 2.5. Top ranked important variables from random forest models of the all variables, abiotic 
variables, and fish abundance variables models for each SGCN of interest. All individual species 
variables are CPUE (electrofishing catch per 100m2). 
 Model 
Importance Rank All variables Abiotic variables Fish abundance variables 
 Banded Darter 
1 Top 3 abundant species % Avg. width Northern Hogsucker 
2 Northern Hogsucker Silt substrate Common Shiner 
3 Common Shiner Watershed size Stonecat 
4 Benthic invertivore % pH White Sucker 
5 Stonecat Flow velocity Creek Chub 
6 Avg. width Gravel substrate Rosyface Shiner 
 Blackside Darter 
1 Watershed size Watershed size Shorthead Redhorse 
2 Species richness Avg. width Quillback Carpsucker 
3 Avg. width Macrophytes Creek Chub 
4 Shorthead Redhorse Avg. depth Channel Catfish 
5 Spotfin Shiner Flow velocity Fathead Minnow 
6 Channel Catfish Gravel substrate White Sucker 
7 Creek Chub Woody debris Spotfin Shiner 
8 Quillback Carpsucker Turbidity Yellow Bullhead 
9 Flow velocity pH Sand Shiner 
10 Macrophytes Boulder substrate Golden Redhorse 
11 Avg. depth Bare bank Bigmouth Shiner 
 Northern Rock Bass 
1 Top carnivore % Watershed size Brook Stickleback 
2 Watershed size Overhanging banks Smallmouth Bass 
3 Brook Stickleback Avg. width Johnny Darter 
4 Top 3 abundant species % Temperature Green Sunfish 
5 Species richness Dissolved oxygen Rosyface Shiner 
6 Avg. width Avg. depth Northern Hogsucker 
 Suckermouth Minnow 
1 Sand Shiner Avg. width Sand Shiner 
2 Species richness Avg. depth Fantail Darter 
3 Fantail Darter Macrophytes Spotfin Shiner 
4 Gravel substrate Flow velocity Creek Chub 
5 Soft substrate % Riparian grass Blacknose Dace 
6 Riparian grass Min. depth Northern Hogsucker 
7 Avg. width Gravel substrate Largemouth Bass 
8 Creek Chub Soft substrate % Hornyhead Chub 
9 Macrophytes Watershed size Johnny Darter 
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Table 2.5 (continued)   
 Tadpole Madtom 
1 Fathead Minnow Gravel substrate Fathead Minnow 
2 Topeka Shiner Watershed size Topeka Shiner 
3 Gravel substrate Sand substrate Golden Redhorse 
4 Common Shiner Avg. width Common Shiner 
5 Watershed size Soft substrate % Orangespotted Sunfish 
6 Top carnivore % Macrophytes Hornyhead Chub 
7 Avg. width Depth/pool Northern Hogsucker 
8 Species richness Min. depth Yellow Bullhead 
 Topeka Shiner 
1 Orangespotted Sunfish Canopy cover Orangespotted Sunfish 
2 Fathead Minnow Sand substrate Fathead Minnow 
3 Canopy cover Temperature Fantail Darter 
4 Sand substrate Trees/roots Green Sunfish 
5 Green Sunfish Watershed size Black Bullhead 
6 Fantail Darter Small brush Yellow Bullhead 
7 Black Bullhead Depth/pool Smallmouth Bass 
8 Creek Chub Conductivity Largemouth Bass 
9 Yellow Bullhead Riparian grass Creek Chub 
10 Top carnivore % Overhanging banks Bluntnose Minnow 
11 Overhanging banks Silt substrate Northern Hogsucker 
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Table 2.6. Top model models (ΔAICc < 2) for the all variables, abiotic variables, and fish abundance variables logistic 
regression models for Banded Darters. Listed parameters are variables comprising each candidate model, number of 
parameters in each model (k; n+2), Akaike’s information criterion corrected for small sample size (AICc), change in 
AICc from top candidate model (ΔAICc), and Akaike’s weight (wi) of each model. Species variables are CPUE 
(electrofishing catch per 100m2). 
Top models k AICc ΔAICc wi 
All variables models     
 Avg. width, Northern Hogsucker, Top 3 abundant species % 5 56.55 0.00 0.36 
 Avg. width, Benthic invertivore %, Northern Hogsucker, Top 3 abundant species % 6 57.83 1.28 0.19 
 Avg. width, Northern Hogsucker, Stonecat, Top 3 abundant species % 6 58.22 1.67 0.16 
 Avg. width, Common Shiner, Northern Hogsucker, Top 3 abundant species % 6 58.34 1.80 0.15 
 Avg. width, Benthic invertivore %, Top 3 abundant species % 5 58.50 1.95 0.14 
Abiotic variables models     
 Avg. width, pH, Gravel substrate, Silt substrate 6 61.85 0.00 0.43 
 Avg. width, Gravel substrate, Silt substrate 5 63.26 1.40 0.21 
 Avg. width, pH, Gravel substrate 5 63.53 1.68 0.19 
 Avg. width, pH, Silt substrate 5 63.70 1.85 0.17 
Fish abundance variables models     
 Northern Hogsucker, Stonecat, White Sucker 5 77.74 0.00 0.15 
 Common Shiner, Northern Hogsucker, Stonecat, White Sucker 6 77.85 0.11 0.14 
 Creek Chub, Northern Hogsucker, Stonecat, White Sucker 6 78.06 0.32 0.13 
 Creek Chub, Northern Hogsucker, White Sucker 5 78.60 0.87 0.10 
 Common Shiner, Creek Chub, Northern Hogsucker, Stonecat, White Sucker 7 78.80 1.06 0.09 
 Northern Hogsucker, White Sucker 4 78.81 1.07 0.09 
 Common Shiner, Northern Hogsucker, White Sucker 5 78.84 1.10 0.09 
 Common Shiner, Northern Hogsucker, Stonecat 5 78.99 1.26 0.08 
 Common Shiner, Northern Hogsucker, Rosyface Shiner, White Sucker 6 79.17 1.43 0.07 
 Common Shiner, Creek Chub, Northern Hogsucker, White Sucker 6 79.32 1.58 0.07 
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Table 2.7. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative 
importance values for variables in top models sets for Banded Darters. Species variables are CPUE 
(electrofishing catch per 100m2). 
Model parameters   Estimate SE 95%CI Relative Importance 
All variables models     
 Avg. width* 0.029 0.013 0.004 0.054 1.00 
 Top 3 abundant species %* -0.017 0.004 -0.025 -0.009 1.00 
 Northern Hogsucker 0.497 0.341 -0.171 1.165 0.86 
 Benthic invertivore % 0.002 0.004 -0.006 0.009 0.33 
 Stonecat 0.046 0.175 -0.298 0.390 0.16 
 Common Shiner 0.000 0.001 -0.003 0.002 0.15 
Abiotic variables models      
 Avg. width* 0.052 0.014 0.025 0.078 1.00 
 Gravel substrate 0.469 0.319 -0.156 1.095 0.83 
 Silt substrate -0.506 0.357 -1.206 0.193 0.81 
 pH 0.355 0.271 -0.177 0.886 0.79 
Fish abundance variables models      
 Northern Hogsucker* 1.013 0.344 0.339 1.687 1.00 
 White Sucker -0.018 0.010 -0.038 0.002 0.92 
 Stonecat 0.412 0.459 -0.488 1.312 0.59 
 Common Shiner -0.003 0.004 -0.011 0.005 0.54 
 Creek Chub -0.001 0.002 -0.005 0.003 0.38 
 Rosyface Shiner 0.007 0.031 -0.054 0.068 0.07 
                                   * Coefficient estimate is significantly different from 0 
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Table 2.8. Top models (ΔAICc < 2) for the all variables, abiotic variables, and fish abundance variables logistic regression 
models for Blackside Darters. Listed parameters are variables comprising each candidate model, number of parameters in each 
model (k; n+2), Akaike’s information criterion corrected for small sample size (AICc), change in AICc from top candidate model 
(ΔAICc), and Akaike’s weight (wi) of each model. Species variables are CPUE (electrofishing catch per 100m2). 
Top models k AICc ΔAICc wi 
All variables models     
 Species richness, Shorthead Redhorse 4 129.32 0.00 0.23 
 Species richness, Macrophytes, Shorthead Redhorse 5 129.91 0.59 0.17 
 Species richness, Flow velocity, Shorthead Redhorse 5 130.78 1.47 0.11 
 Species richness, Quillback Carpsucker, Shorthead Redhorse 5 131.02 1.71 0.10 
 Species richness, Channel Catfish, Shorthead Redhorse 5 131.05 1.73 0.10 
 Species richness, Shorthead Redhorse, Spotfin Shiner 5 131.05 1.73 0.10 
 Species richness, Watershed size, Shorthead Redhorse 5 131.19 1.87 0.09 
 Species richness, Creek Chub, Shorthead Redhorse 5 131.22 1.90 0.09 
Abiotic variables models     
 Avg. depth, Avg. width, Macrophytes, Woody debris, Boulder substrate 7 141.15 0.00 0.12 
 Avg. depth, Avg. width, Bare bank, Woody debris, Boulder substrate 7 141.31 0.16 0.11 
 Avg. depth, Avg. width, Woody debris, Boulder substrate 6 141.96 0.81 0.08 
 Avg. depth, Avg. width, pH, Woody debris, Boulder substrate 7 142.09 0.94 0.07 
 Avg. depth, Avg. width, Bare bank, Macrophytes, Woody debris, Boulder substrate 8 142.12 0.97 0.07 
 Avg. depth, Avg. width, Bare bank, pH, Woody debris, Boulder substrate 8 142.48 1.33 0.06 
 Avg. depth, Avg. width, Bare bank, Woody debris, Boulder substrate, Gravel substrate 8 142.60 1.45 0.06 
 Avg. width, Bare bank, Woody debris, Boulder substrate 6 142.79 1.64 0.05 
 Avg. width, Macrophytes, Woody debris 5 142.83 1.68 0.05 
 Avg. depth, Avg. width, Macrophytes, Woody debris, Boulder substrate, Gravel substrate 8 142.86 1.71 0.05 
 Avg. width, Macrophytes, Woody debris, Boulder substrate 6 142.88 1.73 0.05 
 Avg. depth, Avg. width, Macrophytes, Woody debris 6 142.92 1.77 0.05 
 Avg. depth, Avg. width, Macrophytes, pH, Woody debris, Boulder substrate 8 142.99 1.84 0.05 
 Avg. depth, Avg. width, Flow velocity, Macrophytes, Woody debris, Boulder substrate 8 143.09 1.94 0.04 
 Avg. depth, Avg. width, pH, Woody debris 6 143.11 1.96 0.04 
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Table 2.8 (continued)     
     
 Avg. depth, Avg. width, Bare bank, Turbidity, Woody debris, Boulder substrate 8 143.13 1.98 0.04 
Fish abundance variables models     
 Creek Chub, Quillback Carpsucker, Shorthead Redhorse, Yellow Bullhead 6 138.48 0.00 0.27 
 Creek Chub, Fathead Minnow, Quillback Carpsucker, Shorthead Redhorse, Yellow  Bullhead 7 139.05 0.57 0.21 
 Fathead Minnow, Quillback Carpsucker, Shorthead Redhorse, Yellow Bullhead 6 139.74 1.26 0.15 
 Quillback Carpsucker, Shorthead Redhorse, Yellow Bullhead 5 139.93 1.44 0.13 
 Creek Chub, Quillback Carpsucker, Shorthead Redhorse, Spotfin Shiner, Yellow Bullhead 7 140.15 1.67 0.12 
 Bigmouth Shiner, Creek Chub, Quillback Carpsucker, Shorthead Redhorse, Yellow  Bullhead 7 140.16 1.68 0.12 
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Table 2.9. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative 
importance values for variables in top models sets for Blackside Darters. Species variables are CPUE 
(electrofishing catch per 100m2). 
Model parameters   Estimate SE 95%CI Relative Importance 
All variables models     
 Species richness* 0.036 0.008 0.020 0.052 1.00 
 Shorthead Redhorse* 1.156 0.406 0.361 1.951 1.00 
 Macrophytes -0.012 0.045 -0.099 0.076 0.17 
 Flow velocity 0.026 0.117 -0.204 0.256 0.11 
 Quillback Carpsucker 0.087 0.478 -0.850 1.024 0.10 
 Channel Catfish -0.036 0.205 -0.439 0.366 0.10 
 Spotfin Shiner -0.005 0.028 -0.061 0.051 0.10 
 Watershed size 0.000 0.000 -0.000 0.000 0.09 
 Creek Chub 0.000 0.001 -0.001 0.002 0.09 
Abiotic variables models      
 Avg. width* 0.054 0.014 0.026 0.082 1.00 
 Woody debris* -0.627 0.237 -1.092 -0.163 1.00 
 Boulder substrate 1.122 0.756 -0.359 2.604 0.86 
 Avg. depth -0.436 0.310 -1.044 0.173 0.85 
 Macrophytes -0.061 0.084 -0.226 0.104 0.48 
 Bare bank 0.001 0.002 -0.003 0.006 0.39 
 pH 0.052 0.134 -0.211 0.315 0.23 
 Gravel substrate -0.023 0.106 -0.230 0.184 0.11 
 Flow velocity 0.009 0.078 -0.144 0.161 0.04 
 Turbidity 0.000 0.001 -0.002 0.002 0.04 
Fish abundance variables models      
 Quillback Carpsucker* 3.041 1.176 0.737 5.346 1.00 
 Shorthead Redhorse* 1.502 0.412 0.696 2.309 1.00 
 Yellow Bullhead* 0.816 0.345 0.139 1.493 1.00 
 Creek Chub -0.003 0.002 -0.008 0.002 0.72 
 Fathead Minnow -0.003 0.005 -0.013 0.007 0.35 
 Bigmouth Shiner -0.001 0.003 -0.006 0.005 0.12 
 Spotfin Shiner -0.007 0.034 -0.075 0.060 0.12 
                                    * Coefficient estimate is significantly different from 0 
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Table 2.10. Top models (ΔAICc < 2) for the all variables, abiotic variables, and fish abundance variables logistic 
regression models for Northern Rock Bass. Listed parameters are variables comprising each candidate model, number of 
parameters in each model (k; n+2), Akaike’s information criterion corrected for small sample size (AICc), change in 
AICc from top candidate model (ΔAICc), and Akaike’s weight (wi) of each model. Species variables are CPUE 
(electrofishing catch per 100m2). 
Top models k AICc ΔAICc wi 
All variables models     
 Species richness, Top 3 abundant species %, Top carnivore % 5 55.09 0.00 0.50 
 Species richness, Top 3 abundant species % 4 56.17 1.08 0.29 
 Species richness, Brook Stickleback, Top 3 abundant species %, Top carnivore % 6 56.88 1.79 0.21 
Abiotic variables models     
 Avg, width, Overhanging banks, Temperature 5 57.65 0.00 0.55 
 Avg. depth, Avg, width, Overhanging banks, Temperature 6 59.28 1.63 0.24 
 Avg, width, Watershed size, Overhanging banks, Temperature 6 59.53 1.88 0.21 
Fish abundance variables models     
 Green Sunfish, Johnny Darter, Northern Hogsucker 5 77.77 0.00 0.17 
 Brook Stickleback, Green Sunfish, Johnny Darter, Northern Hogsucker 6 77.94 0.17 0.16 
 Johnny Darter, Northern Hogsucker 4 78.50 0.73 0.12 
 Brook Stickleback, Johnny Darter, Northern Hogsucker 5 78.58 0.81 0.12 
 Green Sunfish, Johnny Darter, Northern Hogsucker, Smallmouth Bass 6 78.65 0.88 0.11 
 Brook Stickleback, Green Sunfish, Johnny Darter, Northern Hogsucker, Smallmouth Bass 7 78.96 1.19 0.10 
 Johnny Darter, Northern Hogsucker, Smallmouth Bass 5 79.21 1.44 0.08 
 Brook Stickleback, Johnny Darter, Northern Hogsucker, Smallmouth Bass 6 79.43 1.66 0.08 
 Green Sunfish, Johnny Darter, Northern Hogsucker, Rosyface Shiner 6 79.65 1.88 0.07 
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Table 2.11. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative 
importance values for variables in top models sets for Northern Rock Bass. Species variables are 
CPUE (electrofishing catch per 100m2). 
Model parameters   Estimate SE 95%CI Relative Importance 
All variables models     
 Species richness* 0.024 0.009 0.006 0.042 1.00 
 Top 3 abundant species %* -0.015 0.004 -0.024 -0.007 1.00 
 Top carnivore % 0.015 0.014 -0.012 0.041 0.71 
 Brook Stickleback -0.001 0.004 -0.008 0.006 0.21 
Abiotic variables models      
 Avg. width* 0.039 0.013 0.014 0.064 1.00 
 Overhanging banks* 0.294 0.090 0.116 0.471 1.00 
 Temperature* 0.031 0.012 0.006 0.055 1.00 
 Avg. depth 0.062 0.184 -0.298 0.422 0.24 
 Watershed size 0.000 0.000 -0.001 0.000 0.21 
Fish abundance variables models      
 Johnny Darter* -0.023 0.009 -0.040 -0.005 1.00 
 Northern Hogsucker* 0.918 0.322 0.288 1.549 1.00 
 Green Sunfish 0.017 0.019 -0.020 0.055 0.61 
 Brook Stickleback -0.005 0.007 -0.019 0.010 0.44 
 Smallmouth Bass 0.017 0.033 -0.047 0.082 0.37 
 Rosyface Shiner -0.003 0.020 -0.042 0.036 0.07 
                                    * Coefficient estimate is significantly different from 0 
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Table 2.12. Top model sets (ΔAICc < 2) for the all variables, abiotic variables, and fish abundance variables logistic regression models for 
Suckermouth Minnows. Listed parameters are variables comprising each candidate model, number of parameters in each model (k; n+2), 
Akaike’s information criterion corrected for small sample size (AICc), change in AICc from top candidate model (ΔAICc), and Akaike’s 
weight (wi) of each model. Species variables are CPUE (electrofishing catch per 100m2). 
Top models k AICc ΔAICc wi 
All variables models     
 Species richness, Creek Chub, Fantail Darter, Riparian grass, Gravel substrate 7 107.19 0.00 0.11 
 Species richness, Creek Chub, Fantail Darter, Gravel substrate, Soft substrate % 7 107.53 0.33 0.1 
 Species richness, Creek Chub, Gravel substrate, Soft substrate % 6 108.01 0.81 0.08 
 Species richness, Creek Chub, Fantail Darter, Gravel substrate 6 108.10 0.91 0.07 
 Species richness, Fantail Darter, Riparian grass, Gravel substrate 6 108.21 1.02 0.07 
 Species richness, Creek Chub, Fantail Darter, Macrophytes, Riparian grass, Gravel substrate 8 108.22 1.02 0.07 
 Species richness, Fantail Darter, Macrophytes, Riparian grass, Gravel substrate 7 108.26 1.07 0.07 
 Creek Chub, Fantail Darter, Macrophytes, Gravel substrate 6 108.49 1.29 0.06 
 Creek Chub, Fantail Darter, Macrophytes, Riparian grass, Gravel substrate 7 108.52 1.33 0.06 
 Species richness, Creek Chub, Fantail Darter, Riparian grass, Gravel substrate, Soft substrate % 8 108.54 1.35 0.06 
 Species richness, Creek Chub, Fantail Darter, Macrophytes, Gravel substrate 7 108.67 1.48 0.05 
 Species richness, Creek Chub, Fantail Darter, Riparian grass, Sand Shiner, Gravel substrate 8 109.11 1.91 0.04 
 Species richness, Creek Chub, Riparian grass, Gravel substrate 6 109.13 1.94 0.04 
 Species richness, Creek Chub, Fantail Darter, Macrophytes, Gravel substrate, Soft substrate % 8 109.14 1.95 0.04 
 Species richness, Creek Chub, Macrophytes, Riparian grass, Gravel substrate 7 109.18 1.99 0.04 
 Species richness, Creek Chub, Macrophytes, Gravel substrate, Soft substrate % 7 109.19 1.99 0.04 
Abiotic variables models     
 Avg. depth, Min. depth, Soft substrate % 5 100.65 0.00 0.16 
 Avg. depth, Min. depth, Gravel substrate 5 100.84 0.19 0.14 
 Avg. depth, Min. depth, Gravel substrate, Soft substrate % 6 100.92 0.27 0.14 
 Avg. depth, Macrophytes, Min. depth, Gravel substrate 6 101.67 1.02 0.09 
 Avg. depth, Flow velocity, Min. depth, Soft substrate % 6 101.95 1.30 0.08 
 Avg. depth, Flow velocity, Min. depth, Gravel substrate 6 102.07 1.42 0.08 
 Avg. depth, Min. depth, Riparian grass, Gravel substrate 6 102.28 1.63 0.07 
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Table 2.12 (continued)     
     
 Avg. depth, Macrophytes, Min. depth, Gravel substrate, Soft substrate % 7 102.44 1.79 0.06 
 Avg. depth, Flow velocity, Min. depth, Gravel substrate, Soft substrate % 7 102.44 1.79 0.06 
 Avg. depth, Watershed size, Min. depth, Soft substrate % 6 102.54 1.88 0.06 
 Avg. depth, Macrophytes, Min. depth, Soft substrate % 6 102.59 1.94 0.06 
Fish abundance variables models     
 Fantail Darter, Largemouth Bass, Northern Hogsucker, Spotfin Shiner 6 116.46 0.00 0.11 
 Creek Chub, Fantail Darter, Largemouth Bass, Northern Hogsucker, Spotfin Shiner 7 116.68 0.22 0.10 
 Creek Chub, Fantail Darter, Largemouth Bass, Spotfin Shiner 6 116.86 0.40 0.09 
 Creek Chub, Fantail Darter, Spotfin Shiner 5 117.24 0.78 0.07 
 Blacknose Dace, Fantail Darter, Largemouth Bass, Northern Hogsucker, Spotfin Shiner 7 117.43 0.96 0.07 
 Fantail Darter, Largemouth Bass, Spotfin Shiner 5 117.52 1.06 0.06 
 Creek Chub, Fantail Darter, Northern Hogsucker, Spotfin Shiner 6 117.63 1.17 0.06 
 Fantail Darter, Hornyhead Chub, Largemouth Bass, Northern Hogsucker, Spotfin Shiner 7 117.72 1.26 0.06 
 Fantail Darter, Northern Hogsucker, Spotfin Shiner 5 117.75 1.29 0.06 
 Blacknose Dace, Fantail Darter, Largemouth Bass, Spotfin Shiner 6 117.89 1.42 0.05 
 Fantail Darter, Spotfin Shiner 4 118.15 1.68 0.05 
 Blacknose Dace, Fantail Darter, Spotfin Shiner 5 118.17 1.71 0.05 
 Brook Stickleback, Fantail Darter, Largemouth Bass, Northern Hogsucker, Spotfin Shiner 7 118.27 1.81 0.04 
 Blacknose Dace, Fantail Darter, Northern Hogsucker, Spotfin Shiner 6 118.32 1.86 0.04 
 Creek Chub, Fantail Darter, Hornyhead Chub, Largemouth Bass, Northern Hogsucker, Spotfin Shiner 8 118.32 1.86 0.04 
 Creek Chub, Fantail Darter, Hornyhead Chub, Largemouth Bass, Spotfin Shiner 7 118.35 1.88 0.04 
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Table 2.13. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative 
importance values for variables in top models sets for Suckermouth Minnows. Species variables are 
CPUE (electrofishing catch per 100m2). 
Model parameters   Estimate SE 95%CI Relative Importance 
All variables models     
 Gravel substrate* 0.859 0.290 0.290 1.428 1.00 
 Species richness 0.016 0.010 -0.005 0.036 0.88 
 Creek Chub -0.004 0.003 -0.010 0.001 0.87 
 Fantail Darter 0.208 0.165 -0.116 0.532 0.80 
 Riparian grass 0.029 0.035 -0.039 0.097 0.56 
 Macrophytes -0.054 0.088 -0.226 0.118 0.43 
 Soft substrate % -0.115 0.218 -0.542 0.312 0.31 
 Sand Shiner 0.000 0.001 -0.001 0.002 0.04 
Abiotic variables models      
 Avg. depth* 1.124 0.268 0.598 1.650 1.00 
 Min. depth* -1.884 0.560 -2.981 -0.787 1.00 
 Gravel substrate 0.319 0.327 -0.321 0.960 0.64 
 Soft substrate % -0.238 0.255 -0.736 0.261 0.62 
 Flow velocity 0.070 0.203 -0.327 0.467 0.22 
 Macrophytes -0.018 0.055 -0.125 0.089 0.22 
 Riparian grass 0.002 0.010 -0.018 0.022 0.07 
 Watershed size 0.000 0.000 -0.000 0.000 0.06 
Fish abundance variables models      
 Fantail Darter* 0.373 0.149 0.080 0.665    1.00 
 Spotfin Shiner* 0.181 0.081 0.023 0.339    1.00 
 Largemouth Bass 0.933 0.926 -0.882 2.748    0.67 
 Northern Hogsucker 0.253 0.299 -0.333 0.839    0.58 
 Creek Chub -0.001 0.002 -0.006 0.003    0.41 
 Blacknose Dace -0.001 0.001 -0.003 0.002    0.21 
 Hornyhead Chub -0.003 0.011 -0.024 0.018    0.14 
 Brook Stickleback 0.000 0.002 -0.004 0.004    0.04 
                                 * Coefficient estimate is significantly different from 0 
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Table 2.14. Top models (ΔAICc < 2) for the all variables, abiotic variables, and fish abundance variables logistic regression 
models for Tadpole Madtoms. Listed parameters are variables comprising each candidate model, number of parameters in each 
model (k; n+2), Akaike’s information criterion corrected for small sample size (AICc), change in AICc from top candidate model 
(ΔAICc), and Akaike’s weight (wi) of each model. Species variables are CPUE (electrofishing catch per 100m2). 
Top models k AICc ΔAICc wi 
All variables models     
 Species richness, Top carnivore %, Gravel substrate 5 67.94 0.00 0.44 
 Species richness, Top carnivore %, Topeka Shiner, Gravel substrate 6 69.38 1.43 0.21 
 Species richness, Common Shiner, Top carnivore %, Gravel substrate 6 69.71 1.77 0.18 
 Species richness, Fathead Minnow, Top carnivore %, Gravel substrate 6 69.87 1.93 0.17 
Abiotic variables models     
 Gravel substrate 3 75.81 0.00 0.30 
 Gravel substrate, Soft substrate % 4 76.41 0.60 0.22 
 Gravel substrate, Sand substrate 4 76.44 0.63 0.22 
 Min. depth, Gravel substrate 4 77.45 1.64 0.13 
 Depth/pool, Gravel substrate 4 77.47 1.66 0.13 
Fish abundance variables models     
 Hornyhead Chub, Orangespotted Sunfish, Yellow Bullhead 5 77.81 0.00 0.16 
 Hornyhead Chub, Northern Hogsucker, Orangespotted Sunfish 5 77.90 0.09 0.15 
 Hornyhead Chub, Orangespotted Sunfish 4 78.16 0.35 0.13 
 Hornyhead Chub, Northern Hogsucker, Orangespotted Sunfish, Yellow Bullhead 6 78.35 0.54 0.12 
 Hornyhead Chub, Yellow Bullhead 4 78.89 1.07 0.09 
 Common Shiner, Hornyhead Chub, Northern Hogsucker, Orangespotted Sunfish 6 79.09 1.28 0.08 
 Common Shiner, Hornyhead Chub, Orangespotted Sunfish, Yellow Bullhead 6 79.42 1.60 0.07 
 Common Shiner, Hornyhead Chub, Orangespotted Sunfish 5 79.58 1.76 0.07 
 Hornyhead Chub, Northern Hogsucker, Yellow Bullhead 5 79.72 1.91 0.06 
 Common Shiner, Hornyhead Chub, Northern Hogsucker, Orangespotted Sunfish, Yellow Bullhead 7 79.77 1.95 0.06 
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Table 2.15. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative 
importance values for variables in top models sets for Tadpole Madtoms. Species variables are CPUE 
(electrofishing catch per 100m2). 
Model parameters   Estimate SE 95%CI Relative Importance 
All variables models     
 Species richness* 0.021 0.008 0.006 0.037 1.00 
 Top carnivore %* -0.035 0.011 -0.057 -0.013 1.00 
 Gravel substrate* -0.641 0.228 -1.087 -0.195 1.00 
 Topeka Shiner 0.005 0.016 -0.027 0.037 0.21 
 Common Shiner 0.000 0.001 -0.002 0.002 0.18 
 Fathead Minnow -0.001 0.002 -0.005 0.004 0.17 
Abiotic variables models      
 Gravel substrate* -0.714 0.250 -1.205 -0.223 1.00 
 Soft substrate % 0.062 0.157 -0.246 0.369 0.22 
 Sand substrate 0.044 0.113 -0.178 0.266 0.22 
 Min. depth 0.048 0.216 -0.376 0.472 0.13 
 Depth/pool -0.005 0.022 -0.048 0.039 0.13 
Fish abundance variables models      
 Hornyhead Chub* 0.042 0.019 0.005 0.079 1.00 
 Orangespotted Sunfish 0.090 0.061 -0.030 0.210 0.85 
 Yellow Bullhead 0.474 0.581 -0.665 1.614 0.57 
 Northern Hogsucker -0.137 0.199 -0.527 0.254 0.48 
 Common Carp -0.032 0.082 -0.193 0.129 0.28 
                                  * Coefficient estimate is significantly different from 0 
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Table 2.16. Top models (ΔAICc < 2) for the all variables, abiotic variables, and fish abundance variables logistic regression models for Topeka 
Shiners. Listed parameters are variables comprising each candidate model, number of parameters in each model (k; n+2), Akaike’s information 
criterion corrected for small sample size (AICc), change in AICc from top candidate model (ΔAICc), and Akaike’s weight (wi) of each model. 
Species variables are CPUE (electrofishing catch per 100m2). 
Top models k AICc ΔAICc wi 
All variables models     
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Top carnivore %, Yellow Bullhead 7 130.65 0.00 0.11 
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Top carnivore % 6 130.70 0.05 0.10 
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Yellow Bullhead 6 130.99 0.34 0.09 
 Canopy cover, Fantail Darter, Orangespotted Sunfish 5 131.01 0.35 0.09 
 Black Bullhead, Canopy cover, Fantail Darter, Orangespotted Sunfish, Top carnivore %, Yellow Bullhead 8 131.48 0.83 0.07 
 Black Bullhead, Canopy cover, Fantail Darter, Orangespotted Sunfish, Yellow Bullhead 7 131.49 0.84 0.07 
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Top carnivore %, Sand substrate, Yellow Bullhead 8 131.68 1.03 0.06 
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Sand substrate, Yellow Bullhead 7 131.88 1.23 0.06 
 Black Bullhead, Canopy cover, Fantail Darter, Orangespotted Sunfish, Top carnivore % 7 131.94 1.29 0.06 
 Black Bullhead, Canopy cover, Fantail Darter, Orangespotted Sunfish 6 131.96 1.30 0.06 
 Canopy cover, Creek Chub, Fantail Darter, Orangespotted Sunfish, Top carnivore %, Yellow Bullhead 8 132.05 1.39 0.05 
 Canopy cover, Creek Chub, Fantail Darter, Orangespotted Sunfish, Top carnivore % 7 132.19 1.54 0.05 
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Top carnivore %, Sand substrate 7 132.24 1.59 0.05 
 Canopy cover, Fantail Darter, Orangespotted Sunfish, Sand substrate 6 132.42 1.77 0.04 
 Canopy cover, Fantail Darter, Fathead Minnow, Orangespotted Sunfish, Top carnivore %, Yellow  Bullhead 8 132.64 1.99 0.04 
Abiotic variables models     
 Canopy cover, Temperature, Silt substrate 5 134.51 0.00 0.32 
 Canopy cover, Conductivity, Temperature, Silt substrate 6 135.06 0.55 0.25 
 Canopy cover, Riparian grass, Temperature, Silt substrate 6 135.91 1.39 0.16 
 Canopy cover, Temperature 4 136.20 1.68 0.14 
 Canopy cover, Watershed size, Temperature, Silt substrate 6 136.33 1.82 0.13 
Fish abundance variables models     
 Fantail Darter, Orangespotted Sunfish, Yellow Bullhead 5 136.18 0.00 0.13 
 Fantail Darter, Largemouth Bass, Orangespotted Sunfish, Yellow Bullhead 6 136.54 0.36 0.11 
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Table 2.16 (continued)     
     
 Fantail Darter, Orangespotted Sunfish, Smallmouth Bass, Yellow Bullhead 6 136.80 0.62 0.09 
 Fantail Darter, Fathead Minnow, Orangespotted Sunfish, Yellow Bullhead 6 136.91 0.73 0.09 
 Fantail Darter, Fathead Minnow, Largemouth Bass, Orangespotted Sunfish, Yellow Bullhead 7 137.50 1.32 0.07 
 Black Bullhead, Fantail Darter, Orangespotted Sunfish, Yellow Bullhead 6 137.51 1.33 0.07 
 Fantail Darter, Fathead Minnow, Orangespotted Sunfish, Smallmouth Bass, Yellow Bullhead 7 137.66 1.48 0.06 
 Fantail Darter, Northern Hogsucker, Orangespotted Sunfish, Yellow Bullhead 6 137.74 1.56 0.06 
 Fantail Darter, Orangespotted Sunfish 4 137.75 1.57 0.06 
 Fantail Darter, Largemouth Bass, Orangespotted Sunfish, Smallmouth Bass, Yellow Bullhead 7 137.88 1.70 0.06 
 Fantail Darter, Largemouth Bass, Northern Hogsucker, Orangespotted Sunfish, Yellow Bullhead 7 137.90 1.72 0.05 
 Creek Chub, Fantail Darter, Orangespotted Sunfish, Yellow Bullhead 6 137.97 1.78 0.05 
 Fantail Darter, Largemouth Bass, Orangespotted Sunfish 5 138.00 1.81 0.05 
 Bluntnose Minnow, Fantail Darter, Orangespotted Sunfish, Yellow Bullhead 6 138.01 1.83 0.05 
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Table 2.17. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative 
importance values for variables in top models sets for Topeka Shiners. Species variables are CPUE 
(electrofishing catch per 100m2). 
 Model parameters   Estimate SE 95%CI Relative Importance 
All variables models      
 Canopy cover* -0.005 0.002 -0.008 -0.001 1.00 
 Fantail Darter* -0.308 0.137 -0.578 -0.039 1.00 
 Orangespotted sunfish* 0.176 0.053 0.071 0.280 1.00 
 Top carnivore % -0.011 0.013 -0.037 0.015 0.59 
 Yellow Bullhead 0.291 0.363 -0.420 1.003 0.55 
 Black Bullhead -0.027 0.065 -0.154 0.101 0.25 
 Sand substrate -0.033 0.094 -0.218 0.152 0.21 
 Creek Chub 0.000 0.001 -0.002 0.001 0.10 
 Fathead Minnow 0.000 0.001 -0.002 0.003 0.04 
Abiotic variables models      
 Canopy cover* -0.006 0.002 -0.010 -0.003 1.00 
 Temperature* 0.032 0.011 0.011 0.054 1.00 
 Silt substrate 0.318 0.219 -0.112 0.748 0.86 
 Conductivity 0.132 0.311 -0.477 0.740 0.25 
 Riparian grass 0.004 0.013 -0.022 0.029 0.16 
 Watershed size 0.000 0.000 -0.000 0.000 0.13 
Fish abundance variables models      
 Fantail Darter* -0.335 0.141 -0.613 -0.058 1.00 
 Orangespotted Sunfish* 0.212 0.053 0.108 0.315 1.00 
 Yellow Bullhead 0.597 0.387 -0.161 1.355 0.89 
 Largemouth Bass -0.333 0.644 -1.595 0.930 0.34 
 Smallmouth Bass -0.010 0.027 -0.063 0.043 0.21 
 Fathead Minnow 0.001 0.004 -0.006 0.009 0.22 
 Northern Hogsucker -0.020 0.088 -0.192 0.152 0.11 
 Black Bullhead -0.006 0.033 -0.070 0.058 0.07 
 Bluntnose Minnow 0.000 0.002 -0.005 0.004 0.05 
 Creek Chub 0.000 0.001 -0.001 0.001 0.05 
                                  * Coefficient estimate is significantly different from 0
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Figure 2.1. Stream sampling distribution in the Boone (n=66), Beaver Creek (n=7), North Raccoon 
(n=24), and Rock River (n=14) watersheds, Iowa and Minnesota, USA, in 2016-2017. Each symbol 
represents the location of one sampling site. 
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Figure 2.2. Frequency of 13 total SGCN sampled per stream site in 2016-2017 in the Boone, Beaver 
Creek, North Raccoon, and Rock River watersheds in Iowa and Minnesota, USA.  
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Figure 2.3. Stream sampling distributions of each SGCN of interest in the Boone, Beaver Creek, North 
Raccoon, and Rock River watersheds, Iowa and Minnesota, USA, in 2016-2017. Each symbol represents 
the location of a sampling site where the species was present (Black) or absent (White).
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Figure 2.4. Nonmetric multidimensional scaling (NMDS) ordination of A) fish assemblage and B) abiotic 
characteristics at stream sites where Banded Darters were present (Black) and absent (White). Vectors are 
shown for variables correlated with ordination (r ≥ 0.50). Vector lengths indicate strength of relationships. 
Abbreviated vector labels: Fish species are relative abundances (#/100m2); CC = % of site with canopy 
cover; T/R = estimated density of instream trees and roots; R. wood = coverage of woody riparian 
vegetation; S. brush = estimated density of instream brush; W. debris = estimated density of instream 
woody debris; O. bank = overhanging banks.
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Figure 2.5. Logistic regression plots for variables important (relative importance ≥0.60) for Banded Darter presence based on all variables (left), 
abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent sites where Banded Darters were absent, 
while circles at one on the y-axis represent sites where Banded Darters were present. A curve depicts the probability of a site to hold Banded 
Darters with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of probability.
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Figure 2.6. Nonmetric multidimensional scaling (NMDS) ordination of A) fish assemblage and B) abiotic 
characteristics at stream sites where Blackside Darters were present (Black) and absent (White). Vectors 
are shown for variables correlated with ordination (r ≥ 0.50). Vector lengths indicate strength of 
relationships. Abbreviated vector labels: CC = % of site with canopy cover; T/R = estimated density of 
instream trees and roots; R. wood = coverage of woody riparian vegetation; S. brush = estimated density 
of instream brush; W. debris = estimated density of instream woody debris.
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Figure 2.7. Logistic regression plots for variables important (relative importance ≥0.60) for Blackside Darter presence based on all variables (left), 
abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent sites where Blackside Darters were absent, 
while circles at one on the y-axis represent sites where Blackside Darters were present. A curve depicts the probability of Blackside Darter 
prensence with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of probability.
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Figure 2.8. Nonmetric multidimensional scaling (NMDS) ordination of A) fish assemblage and B) abiotic 
characteristics at stream sites where Northern Rock Bass were present (Black) and absent (White). 
Vectors are shown for variables correlated with ordination (r ≥ 0.50). Vector lengths indicate strength of 
relationships. Abbreviated vector labels: Fish species are relative abundances (#/100m2); CC = % of site 
with canopy cover; T/R = estimates density of instream trees and roots; R. wood = coverage of woody 
riparian vegetation; S. brush = estimated density of instream brush; W. debris = estimated density of 
instream woody debris; O. bank = overhanging banks.
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Figure 2.9. Logistic regression plots for variables important (relative importance ≥0.60) for Northern Rock Bass presence based on all variables 
(left), abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent sites where Northern Rock Bass were 
absent, while circles at one on the y-axis represent sites where Northern Rock Bass were present. A curve depicts the probability of a site to hold 
Northern Rock Bass with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of probability.
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Figure 2.10. Nonmetric multidimensional scaling (NMDS) ordination of A) fish assemblage and B) 
abiotic characteristics at stream sites were Suckermouth Minnows were present (Black) and absent 
(White). Vectors are shown for variables correlated with ordination (r ≥ 0.50). Vector lengths indicate 
strength of relationships. Abbreviated vector labels: Fish species are relative abundance (#/100m2); CC = 
% of site with canopy cover; T/R = estimated density if instream trees and roots; R. wood = coverage of 
woody riparian vegetation; S. brush = estimated density of instream brush; W. debris = estimated density 
of instream woody debris.
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Figure 2.11. Logistic regression plots for variables important (relative importance ≥0.60) for Suckermouth Minnow presence based on all variables 
(left), abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent sites where Suckermouth Minnows 
were absent, while circles at one on the y-axis represent sites where Suckermouth Minnows were present. A curve depicts the probability of a site 
to hold Suckermouth Minnows with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of 
probability.
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Figure 2.12. Nonmetric multidimensional scaling (NMDS) ordination of A) fish assemblage and B) 
abiotic characteristics at stream sites where Tadpole Madtoms were present (Black) and absent (White). 
Vectors are shown for variables correlated with ordination (r ≥ 0.50). Vector lengths indicate strength of 
relationships. Abbreviated vector labels: fish species are relative abundance (#/100m2); CC = % of site 
with canopy cover; T/R = estimated density of instream trees and roots; R. wood = coverage of woody 
riparian vegetation S. brush = estimated density of instream brush; W. debris = estimated density of 
instream woody debris; O. bank = overhanging banks.
 
72 
Figure 2.13. Logistic regression plots for variables important (relative importance ≥0.60) for Tadpole Madtom presence based on all variables 
(left), abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent sites where Tadpole Madtom were 
absent, while circles at one on the y-axis represent sites where Tadpole Madtom were present. A curve depicts the probability of a site to hold 
Tadpole Madtom with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of probability.
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Figure 2.14. Nonmetric multidimensional scaling (NMDS) ordination of A) fish assemblage and B) 
abiotic characteristics at stream sites where Topeka Shiners present (Black) and absent (White). Vectors 
are shown for variables correlated with ordination (r ≥ 0.50). Vector lengths indicate strength of 
relationships. Abbreviated vector labels: CC = % of site with canopy cover; T/R = estimated density of 
instream trees and roots; R. wood = coverage of woody riparian vegetation; S. brush = estimated density 
of instream brush; W. debris = estimated density of instream woody debris.
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Figure 2.15. Logistic regression plots for variables important (relative importance ≥0.60) for Topeka Shiner presence based on all variables (left), 
abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent sites where Topeka Shiner were absent, 
while circles at one on the y-axis represent sites where Topeka Shiner were present. A curve depicts the probability of a site to hold Topeka Shiner 
with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of probability.
75 
CHAPTER 3.    OCCURRENCE, ABUNDANCE, AND, ASSOCIATIONS OF TOPEKA 
SHINERS IN RESTORED AND UNRESTORED OXBOWS IN IOWA AND 
MINNESOTA 
Abstract 
The Topeka Shiner (Notropis topeka) is a federally listed endangered species that has 
been in decline for decades. A key reason for the decline is the alteration of naturally flowing 
streams and associated oxbow habitats due to land use changes. The focus of recent conservation 
efforts for Topeka Shiners has been restoration of oxbow habitats by removing sediment from 
natural oxbows until a groundwater connection is reestablished. This restoration practice has 
become common in portions of Iowa and southwest Minnesota. The goals of this study were to 
compare the occurrence and abundance of Topeka Shiners in restored and unrestored oxbows 
and to determine the characteristics that influenced their presence in these systems. In 2016-
2017, 34 unrestored and 64 restored oxbows in the Boone, Beaver Creek, North Raccoon, and 
Rock River watersheds in Iowa and Minnesota were sampled for fish assemblage and abiotic 
factors. Topeka Shiners were present more often and with higher average relative abundances in 
restored oxbows. Nonmetric multidimensional scaling ordinations indicated that fish 
assemblages found in oxbows where Topeka Shiners were present were less variable than 
assemblages found at oxbows where they were absent but that abiotic characteristics were 
similar between oxbow types. Logistic regression models suggested that presence of Topeka 
Shiners in oxbows was positively associated with species richness, Brassy Minnow CPUE, 
Orangespotted Sunfish CPUE, dissolved oxygen, and turbidity, and negatively associated with 
oxbows wetted length. These results highlight the use of restored oxbows by Topeka Shiners 
while also providing new information to help guide restoration and conservation efforts. 
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Introduction 
Land use changes since European settlement have contributed to profound landscape 
changes and altered habitats throughout the United States (Whitney 1994; Foster et al. 2002; 
Bailey et al. 2017; Juracek et al. 2017). In Iowa and portions of Minnesota, USA, wetlands have 
been drained, forests cut down, and prairies removed in favor of agriculture and row crop 
production (Smith 1981; Gallant et al. 2011). This shift towards intensive agriculture has also 
included considerable modifications to naturally flowing streams. Many streams in the region 
now consist of vast channelized reaches and headwaters made up of drainage ditches to aid in 
irrigation, removal of excess water from fields, and flood control (Waters 1977; Bishop 1981). 
The straightening and channelization of rivers and streams not only affects the organisms 
inhabiting them but also impacts the relationship between the stream and its floodplain (Hansen 
and Muncy 1971; Junk et al. 1989; Blann et al. 2009).  
One important effect channelization has had on streams and aquatic communities is the 
reduced rate of formation and inundation of off-channel aquatic habitats (King 1976). Oxbows 
are common off-channel habitats in Iowa and southern Minnesota (Bakevich et al. 2013; Kenney 
2013) and are formed over time by a stream’s natural meandering process (Figure 3.1; Ward et 
al. 2002; Charlton 2008). Many naturally meandering stream reaches in Iowa and Minnesota 
have been artificially straightened, thus diminishing the rate natural oxbow formation and 
occurrence of oxbows on the landscape. 
In areas of Iowa and Minnesota where natural streams have been substantially altered and 
channelized, oxbows are among the few remaining aquatic habitats with little or no flow in 
floodplains dominated by agriculture (Brookes et al. 1983; Miller et al. 2009). These habitats 
may be critical for many aquatic organisms, including fishes (Chessman 1988; Morken and 
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Kondolf 2003; Ledwin 2011; Bakevich et al. 2013). Oxbows are typically disconnected from the 
stream except during periods of flooding. Thus, fishes can enter and exit an oxbow only during 
floods. Over time, repeated flooding events deposit silt over the floodplain and in oxbows, 
resulting in shallower oxbows (Ishii and Hori 2016). Shallow oxbows are susceptible to low 
dissolved oxygen and fully drying in the summer while also being prone to completely freezing 
in the winter (Escaravage 1990), resulting in the elimination of fishes (Townsend et al. 1992; 
Fischer et al. In Press). To prevent fish kills, state, federal, and non-profit agencies in Iowa and 
Minnesota are restoring oxbows to a deeper, more original state (Kenney 2013; Utrup 2015). 
These efforts have resulted in over 140 oxbow restorations in central and northwestern Iowa and 
southwestern Minnesota. The restoration process involves dredging out soil down to the depth of 
the old stream bed, allowing for a groundwater reconnection from the stream to the oxbow, 
resulting in a deeper oxbow with greater potential to hold water in drought periods, and 
potentially supporting fish year-round (Figure 3.2; Kenney 2013).  
The Topeka Shiner (Notropis topeka; Gilbert 1884) is an example of a fish that has been 
negatively affected by the loss of slow flowing stream habitats. Topeka Shiners, once an 
abundant member of stream fish assemblages in Iowa, Kansas, Minnesota, Missouri, Nebraska, 
and South Dakota (Lee et al. 1980) have experienced declines in distribution and abundance over 
recent decades resulting in their federal listing as an endangered species in 1998 (USFWS 1998). 
Their preferred habitats of slow current, sand and gravel substrates, and instream vegetation have 
become rare in areas of agricultural land use (Pflieger 1997; Rowe et al. 2009b). A primary goal 
of oxbow restorations in the Boone River, North Raccoon River, Rock River, and Lower Big 
Sioux River watersheds in Iowa and Minnesota is to provide additional off-channel habitat for 
Topeka Shiners. Recent research has shown Topeka Shiners often utilize oxbow habitats, 
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including both restored and naturally occurring, unrestored oxbows (Bakevich et al. 2013, 
Kenney 2013). Topeka Shiners have been commonly sampled in heavily vegetated oxbows with 
riparian zones consisting of mostly grass and few trees (Menzel and Clark 2002; Bakevich et al. 
2013). However, little is known regarding differences in Topeka Shiner occurrence or abundance 
between restored and unrestored oxbow habitats or how several other oxbow characteristics (e.g., 
depth, length, canopy cover, water quality) affect Topeka Shiner occurrence and abundance.  
In addition to oxbow characteristics, understanding how local scale fish assemblage 
factors potentially influence the presence of Topeka Shiners is critical when planning future 
habitat restorations. Oxbow fish assemblages are often thought to be an important factor 
affecting the presence of Topeka Shiners. Several studies have suggested that Topeka Shiner 
presence and abundance is positively associated with the presence of Green Sunfish (Lepomis 
cyanellus; Pflieger 1997; Shearer 2003), Orangespotted Sunfish (Lepomis humilis; Pflieger 
1997; Shearer 2003; Campbell et al. 2016), and Fathead Minnows (Pimephales promelas; 
Bakevich et al. 2013) and negatively impacted by the presence of piscivorous fish species 
(Schrank et al. 2001; Mammoliti 2002; Winston 2002). However, Topeka Shiners have also been 
commonly found coexisting with piscivorous species (Thomson and Berry 2009; Bakevich et al. 
2013). Thus, a better understanding of how fish assemblages affect the presence of Topeka 
Shiners within oxbows in Iowa and Minnesota is needed. 
Oxbow restoration is becoming a common practice throughout the Midwest for the 
conservation of Topeka Shiners and other fishes of conservation need. However, little is known 
regarding the use of restored versus unrestored oxbows by Topeka Shiners or what types of 
oxbow habitats and fish assemblages are associated with the presence of Topeka Shiners.  Thus, 
my objectives were to 1) assess Topeka Shiner occurrence and abundance in restored and 
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unrestored oxbows and 2) evaluate abiotic characteristics and fish assemblages associated with 
the presence of Topeka Shiners. I measured potentially useful characteristics of oxbows as well 
as several other factors not examined in previous research in an effort to determine abiotic and 
fish assemblage characteristics associated with Topeka Shiner presence. A more complete 
understanding of local habitat and fish assemblage characteristics of oxbows in Iowa and 
Minnesota and their effects on Topeka Shiner population dynamics could help guide the 
restoration process to improve suitability and increase the chance of utilization by Topeka 
Shiners. 
Methods 
Study Watersheds 
Oxbows were sampled within the Boone and North Raccoon River watersheds in north-
central Iowa, the Rock River watershed stretching from northwest Iowa into southwest 
Minnesota, and the Lower Big Sioux watershed in southwest Minnesota where sampling was 
limited to the Beaver Creek HUC 10 watershed. Watersheds ranged from 425 (Beaver Creek) to 
6,395 (North Raccoon) km2. Agricultural production accounted for 75%-85% of land use in 
these watersheds and contributed to widespread stream straightening and channelization (USDA 
2008; Agren, Inc. 2011; Onsrud et al. 2014).  
Oxbow restorations have occurred in these watersheds for nearly two decades. Twenty-
two oxbows have been restored in the Boone River watershed. Over sixty oxbows have been 
restored in both the North Raccoon and Rock River watersheds, and six oxbows have been 
restored in the Beaver Creek watershed. Oxbows that had never gone through the restoration 
process to have accumulated sediment removed were considered “unrestored” in this project. 
Both restored and unrestored oxbows were sampled in all watersheds except the Beaver Creek 
watershed where only restored oxbows were sampled. 
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Fish Sampling 
Sampling occurred from May to October in 2016-2017. Fishes were sampled using bag 
seines (10.7m x 1.8m or 17.1m x 1.8m, 6.35mm mesh) following a protocol similar to Bakevich 
et al. (2013). Although a recent study demonstrated detection probability for Topeka Shiners was 
greater than 90% (Fischer et al. In Press), three passes were made with the bag seine in each 
oxbow, if possible, in an attempt to increase the probability of detecting Topeka Shiners if 
present. After each pass, all fish were identified to species, counted, and isolated from the oxbow 
until all passes were complete. All fish were released alive back into the oxbow following 
enumeration of all catches. Number of seine passes depended upon conditions of the oxbow and 
success of the first seine pass. Oxbows where less than three passes were completed often had 
very high densities of fish and filamentous algae, both of which greatly increased sorting and 
processing time and subsequent stress on individual fish. At these oxbows, avoiding mortality 
was a priority, especially when handling an endangered species. Thus, fewer seine passes were 
completed.  However, if Topeka Shiners were detected within an oxbow, they were detected 
most of the time by the first seine pass (88% of oxbows) and were always detected following the 
second pass (Figure 3.3A). In addition, the detection probability of Topeka Shiners in oxbows 
was greater than 90% in one study in the North Raccoon River watershed (Fischer et al. In 
Press). Thus, there was a low probability that Topeka Shiners were not collected within an 
oxbow if they were present. 
For all oxbows, catch per unit effort (CPUE) was calculated for each species present as 
the number of individuals per 100m2 of sampled area. Because the number of seine passes was 
not consistent across all oxbow surveys, only individuals captured in the first seine pass were 
included in calculations of relative abundance. CPUEs were also calculated for groups of species 
such as nest associates of Topeka Shiners (Green Sunfish and Orangespotted Sunfish; Campbell 
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et al. 2016), piscivorous species (Black Crappie (Pomoxis nigromaculatus), Largemouth Bass 
(Micropterus salmoides), Northern Pike (Esox lucius), Northern Rock Bass (Ambloplites 
rupestris), Shortnose Gar (Lepisosteus platostomus), Smallmouth Bass (Micropterus dolomieu), 
Walleye (Sander vitreus), and White Crappie (Pomoxis annularis)), Species of Greatest 
Conservation Need (SGCN; Blackside Darter (Percina maculate), Golden Shiner (Notemigonus 
crysoleucus), Iowa Darter (Etheostoma exile), Northern Pike, Northern Rock Bass, Plains 
Topminnow (Fundulus sciadicus), Suckermouth Minnow (Phenacobius mirabilis), and Tadpole 
Madtom (Noturus gyrinus); Iowa Department of Natural Resources 2015a), and a total CPUE 
including all species.  
Water Quality and Habitat Sampling 
            Abiotic characteristics were measured once at each oxbow prior to fish sampling to 
ensure a sample represented by the undisturbed state. Water quality measurements were taken 
near the water surface and included temperature (°C), dissolved oxygen (mg/L), ambient 
conductivity (mS/cm; Yellow Springs Instruments, Professional Series model 2030), pH 
(Thermo Fisher Scientific, model pHTestr 10), and turbidity (NTU; Hach, model 2100Q portable 
turbidimeter). Habitat characteristics were measured following the Iowa Department of Natural 
Resources procedure for wadeable streams, modified for oxbow habitats (Iowa Department of 
Natural Resources 2015b). Measurements were taken at three transects within each oxbow 
spaced at 25%, 50%, and 75% of the wetted length. At each transect, wetted width was first 
measured. Depth (m) and substrate type (bedrock, boulder, riprap, cobble, gravel, sand, silt, soil, 
clay, muck, detritus, or wood) were measured at 10%, 30%, 50%, 70%, and 90% of the wetted 
width at each transect. Density of fish cover habitats (i.e., filamentous algae, macrophytes, 
woody debris >0.3m diameter, small brush <0.3m diameter, tree roots, boulders, over-hanging 
banks, under-cut banks, and artificial structure) was visually estimated in a 10m area centered at 
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each transect as either absent (0%), sparse (<10%), moderate (10-40%), heavy (40-75%), or very 
heavy (>75%). Bank angle was measured at each transect using a clinometer and the percent of 
bare bank was visually estimated. Using a spherical densiometer, canopy cover was measured on 
each bank and at the midpoint of each transect. Riparian vegetation was visually estimated on 
each transect bank in a 10m x 10m area into the riparian area from each transect. Type (i.e., 
deciduous, coniferous, broadleaf evergreen, mixed, or none) and aerial coverage of vegetation 
was estimated for three height ranges: canopy (>5m), understory (0.5-1.5m), and ground cover 
(<0.5m), on each bank and recorded as either absent (0%), sparse (<10%), moderate (10-40%), 
heavy (40-75%), or very heavy (>75%).  
Data Analysis 
To explore similarities or differences in fish assemblages and abiotic characteristics 
among oxbows, I used nonmetric multi-dimensional scaling (NMDS) ordinations to visualize 
oxbows in 2-dimensional ordination space. Ordinations were plotted from distance matrices 
using Bray-Curtis distances after standardizing observations for site totals (Faith et al. 1987). 
Minimum convex polygons were added to ordinations to better visualize patterns in ordination 
space. Vectors were added to ordinations for variables that were correlated to ordination axis 
values (r ≥ |0.5|; Kirkman et al. 2004; Pietikäinen et al. 2007). Standardization, distance matrices, 
and ordinations were performed in PRIMER (Clarke and Gorley 2006). Differences in fish 
assemblage and abiotic characteristics among restored and unrestored oxbows as well as 
differences among oxbows where Topeka Shiners were present or absent were tested for using an 
analysis of variance using distance matrices (ADONIS). 
I next examined fish assemblage and local abiotic characteristics and assessed the 
potential associations of these variables with the presence of Topeka Shiners. Fish assemblage 
variables included CPUE of each species or group of species (e.g., nest associates, piscivores, 
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SGCN) and species richness of each oxbow. Abiotic variables consisted of many factors 
describing measured water quality and habitat conditions at the time of fish sampling as 
described above. Reducing the number of potential covariates was necessary to produce more 
accurate and interpretable models. To reduce the number of variables, I first removed all rare 
(occurring in ≤10% of oxbows) variables and calculated Pearson correlation coefficients for all 
pairs of variables. In cases when two or more variables were highly correlated (r ≥ 0.70), the 
more ecologically relevant or more easily interpreted variable was kept whereas the other was 
removed from the analyses.  
Next, I used random forest modeling to further reduce the number of variables to be used 
for modeling the presence or absence of Topeka Shiners. Random forest modeling is a relatively 
new method in the natural resources field that builds many decision trees without making 
distributional assumptions of the data set and are able to process situations where there are more 
predictor variables than observations (Cutler et al. 2007). Models are built by using randomly 
selected bootstrapped samples from the full data set to start each classification tree (Cutler et al. 
2007). On average, 63% of the observations in a data set are used to construct each tree. A 
random set of predictor variables are then used to determine each split in a tree (Prasad et al. 
2006). After tree construction, the remaining 37% of observations (out of bag observations) are 
put through their respective classification tree to predict classification outcomes. Overall 
predicted out of bag observation classifications are based on the most commonly predicted 
classification across all trees (Cutler et al. 2007). Error rates are then calculated for out of bag 
observations to assess accuracy of the random forest model (out of bag error). Random forest 
models are able to compute the rank importance of each predictor variable for classification 
(Juracek et al. 2017). The mean decrease in accuracy measure reflects the average decrease in 
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out of bag classification accuracy when a variable is excluded from the out of bag classification 
process. Therefore, predictor variables with a large mean decrease in accuracy measure were 
deemed more important in predicting Topeka Shiner presence (Cutler et al. 2007). Using this 
process, random forest models ranked the importance of each variable in predicting the presence 
of Topeka Shiners that allowed me to further reduce the number of variables included in 
regression analysis. To determine if Topeka Shiner presence could be predicted with greater 
accuracy based on the inclusion of different types of variables, I developed three model groups 
including 1) all variables, 2) only abiotic variables, and 3) only relative abundance of other fishes 
present at each oxbow. 
Finally, I used logistic regression with the reduced set of variables identified with random 
forests to model presence of Topeka Shiners. Logistic regression is often used in ecology when 
the variable of interest is binary (present or absent; Jackson et al. 2008; Groce and Morrison 
2010; Linde 2010). Burnham and Anderson (2002) described an information theoretic approach 
that I adopted to build models describing Topeka Shiner presence. The information theoretic 
approach allows for conclusions to be made on a group of highly competitive candidate models 
rather than only the highest performing model. More robust inferences are expected from such a 
multimodel analysis of similarly competitive candidate models (Burnham and Anderson 2002). 
For each of three model groups, the variables that random forest models ranked as most 
important to predict Topeka Shiner presence were included in logistic regression analysis. The 
number of variables used (n = 9) to create candidate model sets equaled 10% of the number of 
oxbows sampled (Harrell et al. 1984, 1996). All combinations of these variables (n = 512) were 
included in a set of competing logistic regression candidate models that were ranked by Akaike’s 
Information Criterion corrected for small sample size (AICc). AICc measures model performance 
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while taking into account the inclusion of additional variables. Logistic regression candidate 
models with a ΔAICc ≤ 2 are considered highly competitive with the top performing model 
(Burnham and Anderson 2002). Thus, candidate models with a ΔAICc ≤ 2 were included in top 
model sets. Using top model sets, I calculated model averaged coefficients and 95% confidence 
intervals for each variable in each top model set to determine the coefficient estimates that were 
significantly different from zero, indicating a significant association with the presence of Topeka 
Shiners. In addition to ranking competing candidate models by AICc, the information theoretic 
approach also produces a weight of evidence that each model is the best as an inference (Akaike 
weight (wi ); Burnham and Anderson 2002). I used Akaike weights to calculate the variable 
relative importance weight (relative importance) for variables in top model sets by summing the 
Akaike weights for all candidate models included in top model sets where each variable was 
included (Burnham and Anderson 2002). The higher the relative importance value for a variable, 
the more important it is for explaining the presence of a species (Burnham and Anderson 2002). 
Generally, variables with a relative importance ≥0.60 are considered to provide substantial 
evidence that the variable is important for predicting the presence of a species (Calcagno and de 
Mazancourt 2010; Sindt et al. 2012; Wagner et al. 2012; Spaanheden Dencker et al. 2017). Thus, 
all variables with a relative importance ≥0.60 were considered important in predicting presence 
of Topeka Shiners. All statistical analyses except for ordinations were performed in program R 
(R Core Team 2016). 
Results 
In 2016-2017, fish, water quality, and habitat surveys were conducted at 98 total oxbows 
within the Boone, Beaver Creek, North Raccoon, and Rock River watersheds, including 64 
restored oxbows and 34 unrestored oxbows (Figure 3.4). A total of 166,497 individual fish of 49 
86 
different species were collected (Table 3.1). Forty species and 123,995 individuals were sampled 
in restored oxbows compared to 46 species and 42,502 individuals in unrestored oxbows (Table 
3.2). An average of 189.8 (± 86.8; mean ±95% confidence interval (CI)) individuals were 
sampled per 100m2 in restored oxbows in the first seine pass compared to 61.7 (±54.7) 
individuals per 100m2 in unrestored oxbows. Topeka Shiners were collected at 40 oxbows 
(Figure 3.5), including 29 of 64 (45.3%) restored oxbows and 11 of 34 (32.4%) unrestored 
oxbows and represented the 9th most abundant and the 12th most commonly occurring species 
overall. An average of 0.75 (±0.31; mean ±95% CI) Topeka Shiners were sampled per 100m2 in 
unrestored oxbows compared to 6.73 (±5.10; mean ±95% CI) Topeka Shiners per 100m2 in 
restored oxbows (two sample t-test: P = 0.03; Figure 3.6). Oxbows with Topeka Shiners also had 
a higher average species richness, 13.0 (±1.22; mean ±95% CI) than oxbows without Topeka 
Shiners (7.89±1.19; two sample t-test: P ≤ 0.001; Figure 3.7). 
All oxbows either received three seine passes (74 of 98 oxbows; 75.5%) or one seine pass 
(24 of 98; 24.5%). Topeka Shiners were sampled in the first seine pass at 35 of 40 oxbows where 
they were eventually collected. Topeka Shiners were detected in five additional oxbows in the 
second seine pass where they had been absent in the first pass but were not sampled for the first 
time in the third seine pass at any oxbows (Figure 3.3A). At oxbows where three passes were 
completed, 76% of Topeka Shiners were collected in the first seine pass across oxbows where 
they were eventually detected (Figure 3.3B). Moreover, 71% of the total catch was sampled in 
the first seine pass, across oxbows were three passes were completed (Figure 3.3B). 
Differences in fish assemblages between restored and unrestored oxbows were explored 
with NMDS ordination (Figure 3.8A). Significant differences in fish assemblages existed 
between restored and unrestored oxbows (ordination stress = 0.21; ADONIS P = 0.01). This 
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ordination shows a large amount of overlap between oxbow types, but with restored oxbows 
showing more variation along the NMDS1 axis. Similarly, significant differences were seen in 
fish assemblages between oxbows with Topeka Shiners present and absent (Figure 3.8B; stress = 
0.21; P = 0.001). This ordination shows that in oxbows where Topeka Shiners were absent, 
species assemblages were more variable than oxbows where Topeka Shiners were present. 
Although the relative abundances of no species was correlated with these ordinations, restored 
oxbows and oxbows where Topeka Shiners were present typically had higher abundances of 
species commonly found in lentic habitats or areas with low flow, such as Black Bullhead 
(Ameiurus melas), Brassy Minnow (Hybognathus hankinsoni), Common Shiner (Luxilus 
cornutus), and Orangespotted Sunfish (Table 3.1).  
Abiotic characteristics also differed between restored and unrestored oxbows (Figure 
3.9A; stress = 0.19; P = 0.001). The ordination shows that unrestored oxbows typically were 
further away from the stream and had longer wetted lengths as well as higher amounts of canopy 
cover, woody riparian vegetation, small brush habitat, and bank vegetation. However, abiotic 
characteristics were similar between oxbows with and without Topeka Shiners present (Figure 
3.9B; stress = 0.19; P = 0.06; Table 3.3).  
After removing rare and highly correlated variables, 47 variables were retained from the 
original list (Tables 3.1 and 3.3). Topeka Shiner CPUE was excluded from models predicting 
Topeka Shiner presence, leaving 46 variables for inclusion in random forest modeling to further 
reduce the variable set for logistic regression modeling. The lowest out of bag error was 
produced by the all variables model (12.24%), followed by the fish abundance variables model 
(15.31%) and the abiotic variables model (32.65%), indicating that Topeka Shiner presence is 
best modeled by random forests when including both local scale abiotic and fish assemblage 
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variables. Random forest models ranked the top nine important variables in predicting Topeka 
Shiner presence for each of the three models. The top predictor variables in the all variables 
model consisted of eight fish assemblage variables (Fathead Minnow CPUE, Brassy Minnow 
CPUE, species richness, Orangespotted Sunfish CPUE, Black Bullhead CPUE, White Sucker 
(Catostomus commersoni)  CPUE, Common Shiner CPUE, and Green Sunfish CPUE) and one 
abiotic variable (dissolved oxygen). The top predictor variables in the abiotic variables model 
consisted of turbidity, years post restoration, macrophytes, wetted length, pH, distance to stream, 
dissolved oxygen, average wetted width, and bare bank. The top predictor variables in the fish 
abundance variables model consisted of Fathead Minnow CPUE, Brassy Minnow CPUE, White 
Sucker CPUE Orangespotted Sunfish CPUE, Bullhead CPUE, Common Shiner CPUE, Central 
Stoneroller (Campostoma anomalum)  CPUE, Green Sunfish CPUE, and Brook Stickleback 
(Eucalia inconstans) CPUE. 
 The top model set for the all variables model included 11 candidate models with ΔAICc 
≤ 2 (Table 3.4). Species richness, Brassy Minnow CPUE, and dissolved oxygen were common to 
all top candidate models. These variables each had positive associations with Topeka Shiner 
presence and relative importance values of 1.00 (Table 3.5; Figure 3.10). Orangespotted Sunfish 
CPUE was also considered important in predicting Topeka Shiner presence with a relative 
importance value ≥0.60, but the slope of this relationship did not differ from zero (Table 3.5; 
Figure 3.10). Common Shiner CPUE, Green Sunfish CPUE, Black Bullhead CPUE, and White 
Sucker CPUE were also identified as potentially important variables to predict Topeka Shiner 
presence, but all had relative importance values <0.60 and the slopes of these relationships with 
Topeka Shiner presence did not differ from zero (Table 3.5).  
The top model set for the abiotic variables model included five candidate models (Table 
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3.4). Oxbow length and turbidity were common to all top candidate models, having relative 
importance values of 1.00 (Table 3.5). Oxbow length was negatively associated with Topeka 
Shiner presence whereas turbidity was positively associated with Topeka Shiner presence 
(Figure 3.10). Dissolved oxygen was also considered important in predicting Topeka Shiner 
presence with a relative importance value ≥0.60, but the slope of the relationship did not differ 
from zero (Table 3.5; Figure 3.10). Average width, distance to stream, and pH were also 
identified as potentially important to predict Topeka Shiner presence, but all had relative 
importance values <0.60 and the slopes of these relationships with Topeka Shiner presence did 
not differ from zero (Table 3.5). 
The top model set for the fish abundance model included 15 candidate models (Table 
3.4). Brassy Minnow CPUE and Orangespotted Sunfish CPUE were common to all top candidate 
models, having positive associations with Topeka Shiner presence and relative importance values 
of 1.00 (Table 3.5; Figure 3.10). White Sucker CPUE, Central Stoneroller CPUE, Black 
Bullhead CPUE, Common Shiner CPUE, Brook Stickleback CPUE, and Green Sunfish CPUE 
were also identified as potentially important for prediction Topeka Shiner presence, but all had 
relative importance values <0.60 and the slopes of these relationships with Topeka Shiner 
presence did not differ from zero (Table 3.5).  
Discussion 
Based on logistic regression analysis, fish assemblage variables were more strongly 
associated with Topeka Shiner presence than abiotic variables. The top model set of the all 
variables model was dominated by fish assemblage variables, including seven fish assemblage 
variables and only one abiotic variable. Furthermore, error rates of random forest predictive 
models were comparable between the all variables model (12.24%) and the fish abundance 
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model (15.31%) while the abiotic variables model error rate was higher (32.65%). This 
complicates oxbow restorations for the conservation of Topeka Shiners because fish assemblages 
are not as easily manipulated as habitat characteristics following restoration.  
Topeka Shiners were present more consistently and in higher abundances in restored 
oxbows than unrestored oxbows. This general pattern was evident for the majority of species 
sampled in 2016-2017. These results are in contrast to Fischer et al. (In Press), who found 
Topeka Shiners in only 20% or restored oxbows compared with 43% of unrestored oxbows. 
However, the much greater sample size of the present study (n=98) compared with Fischer et al. 
(In Press) (n=12) suggests the present study is a better measure of the relative frequency of 
occurrence of Topeka Shiners in restored and unrestored oxbows. Thus, restored oxbows appear 
to be successful in providing additional habitat for this species. In general, differences were 
detected between restored and unrestored oxbows as well as oxbows with Topeka Shiners 
present and absent. Similar to Bakevich et al. (2013), I found that Topeka Shiners tended to be 
collected at sites with large relative abundances of species that are more adapted to lentic 
systems, including Black Bullhead, Brassy Minnow, Common Shiner, Fathead Minnow, and 
Orangespotted Sunfish (Page and Burr 2011). Likewise, fish assemblages in restored oxbows 
tended to be dominated by large abundances of these same lentic species. Naturally, since 
Topeka Shiners were more often sampled in restored oxbows, fish assemblages in restored 
oxbows should be similar to fish assemblages of sites where Topeka Shiners were sampled. 
There were also differences in abiotic characteristics between restored and unrestored oxbows, 
potentially due to the current restoration strategy for Topeka Shiners. The United States Fish and 
Wildlife Service (USFWS), which coordinates many oxbow restorations, currently prioritizes 
smaller restoration sites close to the stream and with few surrounding trees (A. Kenney, USFWS, 
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personal communication). Some trees and other bank vegetation are also removed during 
restoration for heavy equipment access. Wetted length, width, and distance to stream were also 
factors that were potentially related to Topeka Shiner presence. Therefore, when analyzing the 
associations of Topeka Shiners, factors identified as important could be a function of restoration 
status rather than natural oxbow conditions. 
My regression modeling identified potential habitat and fish assemblage associations of 
Topeka Shiners. The presence of Topeka Shiners was positively associated with fish species 
richness. A similar trend was documented in artificially created livestock ponds in South Dakota 
where ponds holding Topeka Shiners had higher species richness than ponds without Topeka 
Shiners (Thomson and Berry 2009). This association could potentially be explained by oxbows 
with higher species richness being better suited for varying groups of fish, including Topeka 
Shiners. Potentially, oxbows with low species richness consisted of habitat or water quality 
conditions that our analysis did not fully describe that were generally only able to support a small 
number a species. Thus, typical oxbow conditions that are good for many species are also good 
for Topeka Shiners. 
Topeka Shiner presence was positively associated with higher relative abundances of 
Orangespotted Sunfish and Brassy Minnows. This association with Orangespotted Sunfish has 
been previously documented and thought to be a product of nest association between the two 
species where Topeka Shiners spawn over sunfish nests (Campbell et al. 2016). Subsequently, 
male sunfish will protect and oxygenate Topeka Shiner eggs while tending to his own (Pflieger 
1997; Campbell et al. 2016). Green Sunfish have also been reported as a potential nest associate 
of Topeka Shiner, but this trend was not seen in our analysis. Green Sunfish CPUE was included 
in the all variables and fish abundance models, as random forest models identified them as a top 
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predictive variable, but both logistic models returned insignificant coefficients and relatively low 
importance values for Green Sunfish CPUE. Topeka Shiner association with Brassy Minnow has 
been observed less frequently, although an association was noted by Fischer et al. (In Press). 
Brassy Minnows prefer instream habitat dominated by slow current and vegetated backwaters 
(Carl et al. 1967; Nelson and Paetz 1992), similar to Topeka Shiner (Pflieger 1997; Page and 
Burr 2011). Additionally, Bakevich (2012) often found lentic species, including Brassy Minnow 
and Topeka Shiner, together in oxbows and suggested that the two species are able to persist in 
harsh conditions that are common to oxbows throughout the year. In areas of Iowa and 
Minnesota with altered streams, it is possible that, with a decline in preferred instream habitats, 
Topeka Shiners and Brassy Minnows both seek out oxbows as a substitute for instream pools and 
backwaters. 
High dissolved oxygen levels were positively associated with Topeka Shiner presence in 
oxbows. In the lab, Topeka Shiners were tolerant of high temperature and low dissolved oxygen 
but experienced 50% mortality at 1.26mg/L (Koehle and Adelman 2007), a threshold that was 
observed only in oxbows not supporting Topeka Shiners. Moreover, fish in oxbows with higher 
dissolved oxygen levels may be less stressed and therefore less prone to disease (Lushchak et al. 
2005; Braun et al. 2006). However, it is important to note that dissolved oxygen was measured 
only once at each oxbow, and dissolved oxygen is dependent on ambient temperature, current 
weather, cloud cover, canopy cover, and diel period, among other conditions (Lu 2003). This one 
time measurement also does not take into consideration any diel changes in dissolved oxygen 
levels. Thus, interpretations of dissolved oxygen should be made with caution. 
Probability of Topeka Shiners presence in oxbows decreased with increasing wetted 
length. This may be an example of statistical modeling classifying based upon restoration status. 
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The effect of restored oxbows (81.8±10.8m (mean ±95% CI)) being significantly shorter in 
length than unrestored oxbows (166.2±41.1m (mean ±95% CI)) combined with Topeka Shiners 
being present more often in restored oxbows than unrestored oxbows has likely led to models 
being unable to separate the two classifications. Smaller oxbows are typically targeted by 
biologists for restoration. Although not seen in our results, larger oxbows are thought to be 
deeper and allow for more piscivorous species to survive and potentially negatively impact 
Topeka Shiner populations (A. Kenney, USFWS, personal communication). Topeka Shiners in 
Kansas were less likely to be found at sites with piscivores (Mammoliti 2002). However, 
piscivores were sampled at nearly equal rates in 2016-2017 across all oxbows with (1.97±1.98 
piscivores per 100m2 (mean ±95% CI)) and without (2.82±2.91 piscivores per 100m2 (mean 
±95% CI)) Topeka Shiners. Regardless of what the mechanism is behind this relationship, 
shorter oxbows (likely short because they are restorations) were positively associated with 
Topeka Shiner presence. 
A practice that could be implemented following oxbow restorations to potentially 
increase use by Topeka Shiners would be stocking oxbows with species they are often found 
with such as Brassy Minnows and Orangespotted Sunfish. In Missouri, Orangespotted Sunfish 
are stocked into ponds along with hatchery raised Topeka Shiners as a nesting associate (Straub 
2014). Another plausible interpretation is that managers need not be concerned with precisely 
matching certain abiotic criteria when restoring oxbows. As a result of the current restoration 
strategy, Topeka Shiners used restored oxbows in greater abundances than unrestored oxbows. It 
could be beneficial to create experimental oxbow restorations with very diverse abiotic 
conditions to determine any factors that greatly increase Topeka Shiner use. 
In addition to caveats of the study listed above, it is important to note some common 
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differences between restored and unrestored oxbows that may have affected sampling efficiency. 
It is possible that poor sampling conditions (i.e. seine obstructions, dense vegetation) of several 
unrestored oxbows led to lower sampling success in these systems. Many unrestored oxbows 
were shallow, had abundant aquatic macrophytes, and were surrounded by trees and other woody 
vegetation. These factors occasionally created difficult seining conditions, and sampling 
efficiency may have been affected. Turbidity may have also affected sampling efficiency. High 
turbidity was positively associated with Topeka Shiner presence. In oxbows with low turbidity, 
many fish species, including Topeka Shiners, had a greater opportunity to seek cover after 
detecting the seine to avoid being collected. Oxbows with high turbidity decreased the amount of 
time a fish had to react after detecting the seine, thus likely increasing sampling efficiency 
(Aksnes and Utne 1997). It is also important to note bias created by the location of many oxbow 
restorations. To increase their potential impact on known populations, restorations are typically 
performed in locations where Topeka Shiners are present in the adjacent stream or other nearby 
oxbows (A. Kenney, USFWS, personal communication). To reduce this source of bias, 
unrestored oxbows were also sampled in these same areas when possible, but in many cases no 
unrestored oxbows were present or all were completely dry. Finally, I attempted to account for 
sampling bias by completing three seine passes in most oxbows. At oxbows where three passes 
were completed, Topeka Shiners were sampled in the second seine pass in 10% of oxbows where 
they were not sampled in the first seine pass. However, three seine passes were not completed at 
all oxbows. Topeka Shiners were recorded as absent at 13 oxbows where only one pass was 
completed. Assuming similar sampling results to oxbows where three passes were completed, 
Topeka Shiners could have been present at 10% of these 13 oxbows, resulting in slightly 
different modeling results when comparing oxbows where Topeka Shiners were present and 
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absent. However, any differences would likely be minor considering the size of the dataset. 
Restored oxbows frequently harbor significant populations of Topeka Shiners in Iowa 
and southwest Minnesota, and the collective evidence to date suggests that restoring oxbows in 
this region will be an important strategy for recovery of this endangered species. Moreover, 
restored oxbows have displayed success in holding Topeka Shiners since monitoring began in 
these systems close to a decade ago (Bakevich et al. 2013; Kenney 2013; Utrup 2015). In the 
present study, Topeka Shiners were found more often and in higher abundances in restored 
oxbows compared to unrestored oxbows. However, Topeka Shiners were absent in oxbows 
averaging 128.3m (±26.9m; mean ±95% CI) in length. It could be wise to avoid restoration 
projects that would create an excessively long oxbow. Not only could this create more suitable 
habitat for Topeka Shiner, but it will also save in restoration cost as less soil will need to be 
excavated.  In addition to short oxbows, it may also be useful to create oxbows with diverse 
abiotic conditions in an attempt to further determine what conditions potentially influence use by 
Topeka Shiners. Topeka Shiners also showed a positive association with Orangespotted Sunfish 
and Brassy Minnows. If possible, it would be helpful to conduct instream fish surveys or analyze 
available databases (Iowa Department of Natural Resources 2018) before restoration projects to 
determine if these species are present and able to populate a potential nearby oxbow. Biologists 
could also look for abundances of Common Shiner, Green Sunfish, Black Bullhead, White 
Sucker, Central Stoneroller, and Brook Stickleback as these species were all considered 
predictors of Topeka Shiner presence in random forest models. Additional restorations and 
further Topeka Shiner research will be important to continue the successes seen since their 
addition to the Endangered Species List in 1998. As restoration practices continue to improve, a 
Topeka Shiner recovery becomes more likely.  
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Table 3.1. Percent occurrence (# oxbows where a species was present/ # oxbows sampled), total abundance (total number of individuals 
collected across all seine passes), and mean first seine pass relative abundance (catch per 100m2) of each species sampled in oxbows in Iowa 
and Minnesota in 2016-2017. Data are shown separately for sites where Topeka Shiners (TS) were present and sites where Topeka Shiners 
were absent. 
           % Occurrence Total Abundance           Mean CPUE (#/100m2) 
Common Name Scientific Name TS Present TS Absent TS Present TS Absent TS Present TS Absent 
Bigmouth Buffaloc Ictiobus cyprinellus 5.0 3.5 8 6 0.02 <0.01 
Bigmouth Shinerc Notropis dorsalis 17.5 8.6 671 27 1.66 0.10 
Black Bullheada,b Ameiurus melas 92.5 55.2 20,302 8,911 35.54 5.60 
Black Crappiec Pomoxis nigromaculatus 5.0 8.6 11 59 0.01 0.02 
Blacknose Dacec Rhinichthyes obtusus 10.0 0.0 241 0 0.56 0.00 
Blackside Darterc Percina maculate 5.0 3.5 5 12 <0.01 0.03 
Bluegill Lepomis macrochirus 50.0 44.8 241 1,452 0.34 1.20 
Bluntnose Minnowc Pimephales notatus 47.5 27.6 967 122 2.30 0.13 
Brassy Minnowa,b Hybognathus hankinsoni 80.0 25.9 1,195 178 3.02 0.33 
Brook Sticklebackb Eucalia inconstans 37.5 25.9 390 5,222 0.87 5.17 
Central Stonerollerb Campostoma anomalum 22.5 5.2 610 50 2.41 0.02 
Common Carp Cyprinus carpio 42.5 43.1 2,313 2,099 2.12 0.71 
Common Shinera,b Luxilus cornutus 70.0 37.9 24,668 1,798 55.83 1.19 
Creek Chub Semotilus atromaculatus 62.5 34.5 1,292 342 3.52 0.82 
Fathead Minnowa,b Pimephales promelas 100 58.6 28,059 15,922 67.68 49.03 
Gizzard Shad Dorosoma cepedianum 5.0 20.7 6 3,741 0.01 0.39 
Golden Redhorsec Moxostoma erythurum 12.5 3.5 8 65 0.01 0.16 
Golden Shiner Notemigonus crysoleucus 7.5 12.1 59 1,283 0.13 0.57 
Green Sunfisha,b Lepomis cyanellus 97.5 82.8 7,516 8,998 15.15 12.91 
Hornyhead Chubc Nocomis biguttatus 22.5 5.2 659 112 1.48 0.05 
Hybrid Sunfish Lepomis spp. 12.5 6.9 38 20 0.05 0.01 
Iowa Darterc Etheostoma exile 10.0 1.7 13 10 0.05 <0.01 
Johnny Darterc Etheostoma nigrum 25.0 8.6 67 76 0.26 0.05 
Largemouth Bass Micropterus salmoides 47.5 56.9 172 2,019 0.32 2.14 
Northern Hogsuckerc Hypentelium nigricans 0.0 1.7 0 3 0.00 0.00 
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Table 3.1 (continued)     
    % Occurrence Total Abundance           Mean CPUE (#/100m2) 
Common Name Scientific Name TS Present TS Absent TS Present TS Absent TS Present TS Absent 
Northern Pikec Esox lucius 5.0 0.0 8 0 0.02 0.00 
Northern Rock Bassc Ambloplites rupestris 7.5 1.7 16 1 0.02 0.00 
Orangespotted Sunfisha,b Lepomis humilis 92.5 58.6 10,013 6,081 20.94 1.84 
Plains Topminnowc Fundulus sciadicus 2.5 0.0 8 0 0.01 0.00 
Pumpkinseedc Lepomis gibbosus 0.0 1.7 0 3 0.00 <0.01 
Quillback Carpsuckerc Carpiodes cyprinus 0.0 6.9 0 11 0.00 0.03 
Red Shinerc Cyprinella lutrensis 12.5 1.7 138 251 0.83 0.08 
River Carpsuckerc Carpiodes carpio 0.0 5.2 0 6 0.00 0.03 
Rosyface Shinerc Notropis rubellus 12.5 1.7 27 4 0.05 0.01 
Sand Shinerc Notropis stramineus 37.5 17.2 906 109 2.33 0.23 
Shortnose Garc Lepisosteus platostomus 0.0 1.7 0 6 0.00 <0.01 
Slender Madtomc Noturus exilis 0.0 1.7 0 1 0.00 0.00 
Smallmouth Bassc Micropterus dolomieu 2.5 5.2 10 30 0.01 0.07 
Smallmouth Buffaloc Ictiobus bubalus 0.0 1.7 0 11 0.00 <0.01 
Spotfin Shiner Cyprinella spiloptera 35.0 20.7 230 100 0.46 0.19 
Stonecatc Noturus flavus 0.0 1.7 0 1 0.00 0.00 
Suckermouth Minnowc Phenacobius mirabilis 2.5 1.7 2 9 0.00 0.03 
Tadpole Madtomc Noturus gyrinus 10.0 0.0 6 0 0.01 0.00 
Topeka Shinerc Notropis topeka 100 0.0 3,304 0 11.40 0.00 
Walleyec Sander vitreus 0.0 3.5 0 7 0.00 <0.01 
White Crappie Pomoxis annularis 17.5 19.0 545 788 1.59 0.59 
White Suckera,b Catostomus commersoni 77.5 37.9 1,150 562 3.72 0.42 
Yellow Bullhead Ameiurus natalis 32.5 20.7 42 68 0.10 0.15 
Yellow Perchc Perca flavescens 2.5 3.5 2 3 <0.01 <0.01 
aIncluded in all variables model logistic regression 
bIncluded in fish abundance model logistic regression 
cNot retained for random forest testing 
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Table 3.2. Percent occurrence (# oxbows where a species was present/ # oxbows sampled), total abundance (total number of 
individuals collected across all seine passes), and mean first seine pass relative abundance (catch per 100m2) of each species 
sampled in oxbows in Iowa and Minnesota in 2016-2017. Data are shown separately for restored and unrestored oxbows. 
  % Occurrence    Total Abundance Mean CPUE  (#/100m2) 
Common Name Scientific Name Restored Unrestored Restored Unrestored Restored Unrestored 
Bigmouth Shiner Notropis dorsalis 12.5 11.8 665 33 1.04 0.16 
Black Bullhead Ameiurus melas 78.1 55.9 26,065 3,148 25.05 3.05 
Black Crappie Pomoxis nigromaculatus 6.3 8.8 56 14 0.03 <0.01 
Blacknose Dace Rhinichthyes obtusus 4.7 2.9 236 5 0.34 0.01 
Blackside Darter Percina maculate 4.7 2.9 6 11 <0.01 0.04 
Bluegill Lepomis macrochirus 54.7 32.4 709 984 0.81 0.92 
Bluntnose Minnow Pimephales notatus 37.5 32.4 936 153 1.37 0.35 
Brassy Minnow Hybognathus hankinsoni 50.0 44.1 1,046 327 1.66 0.99 
Brook Stickleback Eucalia inconstans 23.4 44.1 5,010 602 3.33 3.56 
Central Stoneroller Campostoma anomalum 14.1 8.8 431 229 0.95 1.08 
Common Carp Cyprinus carpio 43.8 41.2 316 4,096 0.43 2.90 
Common Shiner Luxilus cornutus 53.1 47.1 23,988 2,478 33.96 3.80 
Creek Chub Semotilus atromaculatus 50.0 38.2 1,186 448 1.94 1.90 
Fathead Minnow Pimephales promelas 81.3 64.7 29,773 14,208 70.53 30.50 
Gizzard Shad Dorosoma cepedianum 14.1 14.7 177 3,570 0.13 0.43 
Golden Redhorse Moxostoma erythurum 7.8 5.9 8 65 0.01 0.27 
Green Sunfish Lepomis cyanellus 95.3 76.5 13,580 2,934 19.06 3.97 
Hornyhead Chub Nocomis biguttatus 10.9 14.7 261 510 0.32 1.20 
Iowa Darter Etheostoma exile 0.0 14.7 0 23 0.00 0.06 
Johnny Darter Etheostoma nigrum 17.2 11.8 108 35 0.17 0.08 
Largemouth Bass Micropterus salmoides 59.4 41.2 1,997 194 2.04 0.19 
Bigmouth Buffalo Ictiobus cyprinellus 3.1 5.9 10 4 0.01 <0.01 
Northern Hogsucker Hypentelium nigricans 0.0 2.9 0 3 0.00 0.00 
Northern Pike Esox lucius 3.1 0.0 8 0 0.01 0.00 
Northern Rock Bass Ambloplites rupestris 4.7 2.9 16 1 0.01 <0.01 
Orangespotted Sunfish Lepomis humilis 79.7 58.8 10,419 5,675 13.14 3.06 
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Table 3.2 (continued)        
  % Occurrence      Total Abundance    Mean CPUE  (#/100m2) 
Common Name Scientific Name Restored Unrestored Restored Unrestored Restored Unrestored 
Plains Topminnow Fundulus sciadicus 0.0 2.9 0 8 0.00 0.02 
Quillback Carpsucker Carpiodes cyprinus 3.1 5.9 7 4 <0.01 0.04 
Red Shiner Cyprinella lutrensis 7.8 2.9 138 251 0.52 0.14 
River Carpsucker Carpiodes carpio 1.6 5.9 1 5 <0.01 0.04 
Rosyface Shiner Notropis rubellus 6.3 5.9 26 5 0.03 0.02 
Sand Shiner Notropis stramineus 29.7 17.6 972 43 1.61 0.10 
Shortnose Gar Lepisosteus platostomus 0.0 2.9 0 6 0.00 <0.01 
Slender Madtom Noturus exilis 1.6 0.0 1 0 0.00 0.00 
Smallmouth Bass Micropterus dolomieu 3.1 5.9 12 28 0.01 0.10 
Smallmouth Buffalo Ictiobus bubalus 0.0 2.9 0 11 0.00 <0.01 
Spotfin Shiner Cyprinella spiloptera 29.7 20.6 283 47 0.39 0.15 
Stonecat Noturus flavus 0.0 2.9 0 1 0.00 0.00 
Suckermouth Minnow Phenacobius mirabilis 0.0 5.9 0 11 0.00 0.05 
Tadpole Madtom Noturus gyrinus 6.3 0.0 6 0 <0.01 0.00 
Topeka Shiner Notropis topeka 45.3 32.4 2,873 431 6.73 0.75 
Walleye Sander vitreus 0.0 5.9 0 7 0.00 <0.01 
White Crappie Pomoxis annularis 21.9 11.8 1,202 131 1.51 0.02 
White Sucker Catostomus commersoni 53.1 55.9 1,156 556 2.25 0.86 
Yellow Bullhead Ameiurus natalis 31.3 14.7 78 32 0.16 0.07 
Yellow Perch Perca flavescens 3.1 2.9 3 2 <0.01 <0.01 
Golden Shiner Notemigonus crysoleucus 7.8 14.7 183 1,159 0.16 0.81 
Hybrid Sunfish Lepomis spp. 7.8 11.8 47 11 0.03 0.01 
Pumpkinseed Lepomis gibbosus 0.0 2.9 0 3 0.00 <0.01 
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Table 3.3. Habitat, water quality, and aggregate fish abundance variables included in random forest modeling. Definitions of each variable are 
given. Means and standard deviations are listed for oxbows where Topeka Shiners (TS) were present, Topeka Shiners were absent, restored 
oxbows, unrestored oxbows, and all oxbows. 
  TS Present TS Absent Restored Unrestored All sites 
Variable Definition Mean SD Mean SD Mean SD Mean SD Mean SD 
Water Quality            
 Temperature Temperature reading measured once at each site (°C) 24.6 3.1 24.0 4.0 24.7 3.6 23.5 3.7 24.3 3.6 
 Conductivity Conductivity reading measured once at each site (mS/cm) 0.5 0.2 0.5 0.1 0.5 0.2 0.5 0.1 0.5 0.1 
 pHb pH reading measured once at each site 8.3 0.5 8.1 0.5 8.2 0.5 8.2 0.6 8.2 0.5 
 Dissolved 
 oxygena,b 
Dissolved oxygen reading measured 
once at each site (mg/L) 6.2 3.0 5.0 2.7 5.6 2.9 5.3 2.9 5.5 2.9 
 Turbidityb Turbidity reading measured once at each site (NTU) 32.2 17.5 25.4 20.9 28.6 18.8 27.3 21.6 28.2 19.7 
Habitat            
 Restored or 
 unrestored 
Factor; Restored oxbow(1) or 
unrestored, natural oxbow(0) 0.7 0.5 0.6 0.5 -- -- -- -- 0.7 0.5 
 Years post 
 restorationb 
Age post restoration (0 for unrestored 
oxbows) 3.0 4.1 2.8 2.7 4.4 3.2 0.0 0.0 2.8 3.3 
 Avg. widthb Wetted width (m) at each transect averaged per site 12.0 4.3 11.5 5.7 11.1 4.4 13.0 6.3 11.7 5.2 
 Lengthb Wetted length (m) of the oxbow 86.0 53.0 128.3 104.4 81.8 44.0 166.2 122.2 111.0 89.3 
 Min. depth Minimum depth (m) measured at a site 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 
 Max. depth Maximum depth (m) measured at a site 1.0 0.5 0.9 0.5 1.1 0.5 0.6 0.3 0.9 0.5 
 Distance to  
 streamb 
Shortest distance (m) to stream from 
oxbow 45.9 45.4 57.9 57.5 40.2 25.8 77.1 77.8 53.0 53.0 
 Filamentous Filamentous algae long enough for fish cover; transect estimates averaged 1.3 1.3 1.3 1.1 1.4 1.2 1.1 1.2 1.3 1.2 
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Table 3.3 (continued)           
  TS Present TS Absent Restored Unrestored All sites 
Variable Definition Mean SD Mean SD Mean SD Mean SD Mean SD 
 Macrophytesb 
Submerged macrophytes providing 
fish cover; transect estimates 
averaged 
1.4 1.3 2.0 1.4 1.5 1.2 2.3 1.4 1.8 1.4 
 Woody debris Woody debris (>0.3m diam.) in the water; transect estimates averaged 0.0 0.2 0.2 0.4 0.1 0.3 0.2 0.4 0.1 0.3 
 Small brush Woody debris (<0.3m diam.) in the water; transect estimates averaged 0.5 0.7 0.7 1.0 0.4 0.8 1.0 1.0 0.6 0.9 
 Trees/roots Tree branches or roots in water; transect estimates averaged 0.2 0.3 0.3 0.6 0.1 0.4 0.4 0.6 0.2 0.5 
 Boulders Rocks larger than a basketball; transect estimates averaged 0.1 0.2 0.1 0.2 0.1 0.2 0.0 0.1 0.1 0.2 
 Bank angle Average of all bank angles at a site 22.0 10.4 22.7 10.6 21.7 9.5 23.7 12.2 22.4 10.5 
 Bare bankb Average of all bare bank percentage estimates at a site 27.5 26.7 24.7 27.8 27.1 25.9 23.5 29.8 25.9 27.2 
 Canopy cover 
Percentage of site with canopy cover 
based on densiometer readings at 
each transect 
11.9 19.5 19.8 26.9 10.6 18.1 27.8 30.3 16.6 24.4 
 Riparian wood Density of woody riparian vegetation around transects averaged per site 1.8 2.3 2.3 2.4 1.4 1.7 3.4 2.9 2.1 2.4 
 Riparian grass 
Density of non-woody riparian 
vegetation around transects averaged 
per site 
6.7 1.7 6.8 1.8 6.9 1.6 6.4 1.9 6.8 1.7 
 Gravel substrate Percent of site with gravel substrate  3.1 11.5 4.0 10.2 4.7 12.6 1.6 5.2 3.6 10.7 
 Silt substrate Percent of site with silt substrate  54.5 42.8 53.5 44.2 67.8 38.9 27.8 39.8 53.9 43.4 
Aggregate fish abundance           
 Piscivore Abundance of piscivores per 100m2 2.0 6.4 2.8 11.3 3.6 11.7 0.3 0.6 2.5 9.6 
 SGCN CPUE Abundance of SGCN per 100m
2 
(Topeka Shiner excluded) 0.2 0.8 0.6 2.2 0.2 0.8 1.0 2.7 0.5 1.8 
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Table 3.3 (continued)           
  TS Present TS Absent Restored Unrestored All sites 
Variable Definition Mean SD Mean SD Mean SD Mean SD Mean SD 
 Species richnessa Total number of fish species present at a site 13.0 3.8 7.9 4.7 10.4 4.5 9.2 6.0 10.0 5.0 
aIncluded in all variables model logistic regression 
bIncluded in abiotic variables model logistic regression 
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Table 3.4. Top model sets for the all variables, abiotic variables, and fish abundance variables logistic regression models. Listed parameters are 
variables comprising each candidate model, number of parameters in each model (k; n+2), Akaike’s information criterion corrected for small 
sample size (AICc), change in AICc from top candidate model (ΔAICc), and Akaike’s weight (wi) of each model. 
Top models k AICc ΔAICc wi 
All variables models     
 Species richness, Brassy Minnow, Common Shiner, Dissolved oxygen, Orangespotted Sunfish 7 103.62 0.00 0.14 
 Species richness, Brassy Minnow, Dissolved oxygen, Orangespotted Sunfish 6 103.85 0.23 0.13 
 Species richness, Brassy Minnow, Common Shiner, Dissolved oxygen, Green Sunfish, Orangespotted Sunfish 8 103.88 0.25 0.12 
 Species richness, Black Bullhead, Brassy Minnow, Dissolved oxygen, Orangespotted Sunfish 7 104.53 0.91 0.09 
 Species richness, Black Bullhead, Brassy Minnow, Dissolved oxygen 6 104.58 0.96 0.09 
 Species richness, Brassy Minnow, Dissolved oxygen, Green Sunfish, Orangespotted Sunfish 7 104.60 0.98 0.09 
 Species richness, Black Bullhead, Brassy Minnow, Dissolved oxygen, Green Sunfish, Orangespotted Sunfish 8 104.76 1.14 0.08 
 Species richness, Black Bullhead, Brassy Minnow, Common Shiner, Dissolved oxygen, Green Sunfish, 
 Orangespotted Sunfish 9 104.88 1.26 0.08 
 Species richness, Black Bullhead, Brassy Minnow, Common Shiner, Dissolved oxygen, Orangespotted Sunfish 8 105.01 1.39 0.07 
 Species richness, Black Bullhead, Brassy Minnow, Dissolved oxygen, Green Sunfish 7 105.08 1.46 0.07 
 Species richness, Brassy Minnow, Common Shiner, Dissolved oxygen, Orangespotted Sunfish, White Sucker 8 105.50 1.88 0.05 
Abiotic variables models 
    
 Dissolved oxygen, Length, Turbidity 5 135.71 0.00 0.37 
 Avg. width, Dissolved oxygen, Length, Turbidity 6 136.99 1.27 0.19 
 Length, Turbidity 4 137.32 1.61 0.16 
 Distance to stream, Dissolved oxygen, Length, Turbidity 6 137.68 1.96 0.14 
 Dissolved oxygen, pH, Length, Turbidity 6 137.71 2.00 0.14 
Fish abundance variables models 
    
 Brassy Minnow, Orangespotted Sunfish, White Sucker 5 118.03 0.00 0.11 
 Brassy Minnow, Central Stoneroller, Orangespotted Sunfish 5 118.10 0.07 0.10 
 Brassy Minnow, Orangespotted Sunfish 4 118.14 0.10 0.10 
 Black Bullhead, Brassy Minnow, Orangespotted Sunfish, White Sucker 6 118.70 0.66 0.08 
 Brassy Minnow, Central Stoneroller, Orangespotted Sunfish, White Sucker 6 118.74 0.70 0.08 
 Black Bullhead, Brassy Minnow, Orangespotted Sunfish 5 118.92 0.88 0.07 
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Table 3.4 (continued)     
     
 Black Bullhead, Brassy Minnow, Central Stoneroller, Orangespotted Sunfish 6 118.97 0.93 0.07 
 Brassy Minnow, Common Shiner, Orangespotted Sunfish, White Sucker 6 119.32 1.29 0.05 
 Black Bullhead, Brassy Minnow, Central Stoneroller, Orangespotted Sunfish, White Sucker 7 119.50 1.47 0.05 
 Brassy Minnow, Brook Stickleback, Orangespotted Sunfish, White Sucker 6 119.51 1.48 0.05 
 Brassy Minnow, Brook Stickleback, Central Stoneroller, Orangespotted Sunfish 6 119.51 1.48 0.05 
 Brassy Minnow, Brook Stickleback, Orangespotted Sunfish 5 119.53 1.50 0.05 
 Brassy Minnow, Common Shiner, Orangespotted Sunfish 5 119.59 1.55 0.05 
 Brassy Minnow, Central Stoneroller, Common Shiner, Orangespotted Sunfish 6 119.78 1.74 0.04 
 Brassy Minnow, Green Sunfish, Orangespotted Sunfish, White Sucker 6 119.91 1.88 0.04 
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Table 3.5. Averaged coefficient estimates, standard errors, 95% confidence intervals, and relative importance 
values for variables in top models sets. 
Model parameters       Estimate SE 95%CI Relative Importance 
All variables models     
 Brassy Minnow* 0.040 0.015 0.012 0.069 1.00 
 Dissolved oxygen* 0.037 0.015 0.007 0.066 1.00 
 Species richness* 0.030 0.009 0.012 0.048 1.00 
 Orangespotted Sunfish 0.005 0.003 -0.001 0.011 0.85 
 Black Bullhead 0.001 0.001 -0.002 0.003 0.47 
 Common Shiner 0.000 0.001 -0.001 0.001 0.46 
 Green Sunfish -0.001 0.002 -0.004 0.002 0.43 
 White Sucker 0.000 0.002 -0.004 0.004 0.05 
Abiotic variables models      
 Length* -0.001 0.001 -0.003 -0.000 1.00 
 Turbidity* 0.005 0.002 0.000 0.010 1.00 
 Dissolved oxygen 0.027 0.020 -0.012 0.067 0.84 
 Avg. width 0.002 0.006 -0.009 0.013 0.19 
 Distance to stream 0.000 0.000 -0.001 0.001 0.14 
 pH -0.008 0.046 -0.097 0.082 0.14 
Fish abundance variables models      
 Brassy Minnow* 0.040 0.016 0.009 0.071 1.00 
 Orangespotted Sunfish* 0.007 0.002 0.002 0.012 1.00 
 White Sucker 0.005 0.007 -0.010 0.020 0.46 
 Central Stoneroller 0.005 0.008 -0.011 0.021 0.39 
 Black Bullhead 0.000 0.001 -0.001 0.002 0.26 
 Brook Stickleback 0.000 0.001 -0.003 0.002 0.15 
 Common Shiner 0.000 0.000 -0.001 0.000 0.15 
 Green Sunfish 0.000 0.000 -0.001 0.001 0.04 
* Coefficient estimate is significantly different from 0 
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Figure 3.1. Aerial photos depicting natural oxbow formation over time, White Fox Creek, Woolstock, IA, 
USA. In the 1950s and 1960s the stream flowed through a horseshoe shaped meander. Erosive forces 
caused a narrowing upstream and downstream of the meander in the 1970s and 1980s. In the 1990s the 
meander had become mostly disconnected from the stream. In 2015 the meander is completely 
disconnected from the stream as an oxbow (Photo credit: Iowa State University Geographic Information 
Systems Support and Research Facility). 
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Figure 3.2. Example of oxbow pre- and post-restoration, White Fox Creek, Webster City, IA, USA. 
(Photo credit: Karen Wilke, The Nature Conservancy). 
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Figure 3.3. A) Number of oxbows where Topeka Shiners were initially detected on the first seine pass, 
second seine pass, and third seine pass. B) Percentage of total individuals (Gray bars) and total Topeka 
Shiners (White bars) sampled in the first seine pass, second seine pass, and third seine pass across all 
oxbows where three seine passes were completed. Error bars represent 95% confidence intervals. 
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Figure 3.4. Oxbow sampling distribution in the Boone, Beaver Creek, North Raccoon, and Rock River 
watersheds, Iowa and Minnesota, USA, in 2016-2017. Black symbols represent restored oxbows and 
white symbols represent unrestored oxbows.  
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Figure 3.5. Oxbow sampling distribution in the Boone, Beaver Creek, North Raccoon, and Rock River 
watersheds, Iowa and Minnesota, USA, in 2016-2017. Black symbols represent oxbows where Topeka 
Shiners (TS) were sampled and white symbols represent oxbows where Topeka Shiners were not 
sampled. 
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Figure 3.6. Topeka Shiner CPUE (#/100m2) in restored and unrestored oxbows in Iowa and Minnesota, 
USA in 2016-2017. Boxes represent 25th-75th percentile, whiskers extend to 90th percentile, and dots 
represent outliers higher than 90th percentile in the dataset.  
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Figure 3.7. Species richness in oxbows where Topeka Shiners (TS) were present and absent in Iowa and 
Minnesota, USA in 2016-2017. Boxes represent 25th-75th percentile, whiskers extend to 10th and 90th 
percentiles, and dots represent outliers lower than 10th percentile or higher than 90th percentile in the 
dataset. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
113 
 
Figure 3.8. Nonmetric multidimensional scaling (NMDS) ordination of fish assemblages in A) restored 
(black) versus unrestored (white) oxbows and B) oxbows where Topeka Shiners (TS) were present 
(black) and absent (white). No individual species was significantly correlated to the ordination; thus, no 
vectors are presented. 
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Figure 3.9. Nonmetric multidimensional scaling (NMDS) ordination of abiotic characteristics in A) 
restored (black) versus unrestored (white) oxbows and B) oxbows where Topeka Shiners (TS) were 
present (black) and absent (white). Vectors are shown for variables correlated with ordination (r ≥ 0.50). 
Length of vectors indicate strength of relationships. Vector labels: Distance = minimum distance to 
stream (m); CC = % of site with canopy cover; S. brush = estimated density of small brush; R. wood = 
estimated coverage of woody riparian vegetation; Length = wetted length; Bare bank = % of bare bank 
around oxbow; Restored = oxbow restoration. 
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Figure 3.10. Logistic regression plots for variables important (relative importance ≥0.60) for Topeka Shiners presence based on all variables (left), 
abiotic variables (center), and fish abundance variables (right). Circles at zero on the y-axis represent oxbows where Topeka Shiners were absent, 
while circles at one on the y-axis represent oxbows where Topeka Shiners were present. A curve depicts the probability of an oxbow to hold 
Topeka Shiners with all other top model set variables equal to their average value. Shaded region is 95% confidence interval of probability.
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CHAPTER 4.    GENERAL CONCLUSIONS 
Although landscapes of Iowa and Minnesota have been highly modified over time and 
stream habitat has been diminished for many aquatic organisms, dozens of fish species continue 
to persist. In this study, 239,468 individual fish representing 63 total species, including 13 
species of conservation need, were sampled in streams and oxbows. The current spatial 
distribution of several of these species can be updated as a result of this research. The objectives 
of this project placed emphasis on the endangered Topeka Shiner; thus many of my final 
conclusions focus on Topeka Shiner conservation.  
Some unanticipated developments regarding Topeka Shiner distribution unfolded in 
2016-2017. Thought to be on the decline and possibly near extinction in much of the Boone 
River watershed, Topeka Shiners were surprisingly abundant, being present at 34% of 95 total 
sites in the watershed. Topeka Shiners were common in the Prairie Creek HUC10 sub-watershed 
of the Boone River watershed, being present in 14 of 17 (82%) stream and oxbow fish surveys. 
Topeka Shiners were also sampled for the first time in at least two decades in the Headwaters 
HUC10 and Otter Creek HUC10 in the Boone River watershed. This could signal a recovery of 
sorts which would coincide with the increased effort to restore oxbows throughout the watershed 
in recent years. 
Topeka Shiners were present at 80 of 209 (38%) total sites across all watersheds in 2016-
2017, including 41% of oxbows and 36% of stream sites. This demonstrates the importance of 
both habitat types in the life cycle of Topeka Shiners and therefore, why it is important for 
biologists to further understand associations of the species in streams and oxbows to improve 
conservation practices. Topeka Shiners were generally more abundant in oxbows than streams, 
potentially indicating that oxbows are a more important habitat for some life processes, such as 
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spawning. Thus, continuing oxbow restorations could be key for a recovery. However, more 
research is needed to address knowledge gaps that exist when addressing oxbow use by Topeka 
Shiners. 
Further research is needed to determine annual temporal use of oxbows by Topeka 
Shiners. Anecdotal evidence from activities I participated in outside of the standardized oxbow 
sampling protocol seems to suggest that adult Topeka Shiners possibly use oxbows in the spring 
and summer to spawn and then return to the stream with fall floods to overwinter. Although the 
sample size is small, three restored oxbows in the Boone River watershed that were sampled in 
June 2017 were also sampled by the Iowa Department of Natural Resources in late October 2017 
following a period of high water. Each oxbow did hold Topeka Shiners during both sampling 
events. Combined total Topeka Shiner abundance in the first seine haul in June was 890 
compared to about 100 in October. In addition, the June samples contained many large adults 
while the October samples contained a majority of likely young of year individuals. Further 
understanding seasonal use of oxbows by Topeka Shiners could improve conservation practices. 
Furthermore, additional research is needed to examine how the use of oxbows by Topeka 
Shiners changes over time as oxbows age. As seen in a number of oxbows sampled in 2016-
2017, large abundances of Topeka Shiners can populate oxbows almost immediately after 
restoration with a connection to the stream. As these oxbows age and some habitat characteristics 
change, it would be interesting to see if Topeka Shiner abundance changes, given the stream 
population generally stays the same.  
I discovered that the presence of several SGCN fishes is related to a unique set of 
variables describing abiotic and fish assemblage characteristics. This may be a challenge for 
managers because, as restoration funding is typically low, they must decide how best to spend it 
118 
and which species to target. Many managers in Iowa and southern Minnesota currently spend 
restoration funds on Topeka Shiner conservation. My modeling results show a positive 
association of Topeka Shiners with Orangespotted Sunfish CPUE in streams and in oxbows. 
Perhaps this association could be further examined, and, potentially, Orangespotted Sunfish 
could be experimentally stocked into oxbows to determine if any positive impacts exist. The only 
way to continue learning about associations of Topeka Shiners and SGCN is to continue stream 
and oxbow monitoring efforts. Further monitoring of oxbows will allow for a greater 
understanding of how these systems change over time and how these changes may affect how 
fish species use them. Continued long-term fish surveys will allow us to monitor populations of 
Topeka Shiners and potentially take conservation actions if a population decline is detected to 
keep the species on its road to recovery. 
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APPENDIX A.    BANDED DARTER VARIABLE SELECTION PROCESS FOR 
STREAM SITES.  
Table A1. Banded Darter variable selection process for stream sites. All recorded abiotic and fish 
assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model. 
  Variable Retained (Yes/No)   
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Avg. depth Yes Yes --  
Min. depth Yes Yes --  
Max. depth No No -- Correlated with avg. depth 
Watershed size Yes Yes --  
Flow velocity Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris No No -- Correlated with small brush 
Small brush Yes Yes --  
Trees/roots No No -- Correlated with canopy cover 
Overhanging banks Yes Yes --  
Undercut banks Yes Yes --  
Boulders Yes Yes --  
Artificial structure Yes Yes --  
Depth/pool Yes Yes --  
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
% pool Yes Yes --  
% riffle Yes Yes --  
% run No No -- Correlated with % pool 
Riparian wood No No -- Correlated with canopy cover 
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present at ≤ 10% of sites 
% rip rap substrate Yes Yes --  
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Table A1 (continued)     
     
% boulder substrate Yes Yes --  
% cobble substrate No No -- Correlated with boulders and % riffle 
% gravel substrate Yes Yes --  
% sand substrate Yes Yes --  
% silt substrate Yes Yes --  
% soil substrate No No -- Present at ≤ 10% of sites 
% clay substrate Yes Yes --  
% muck substrate Yes Yes --  
% wood substrate No No -- Present at ≤ 10% of sites 
% other substrate No No -- Present at ≤ 10% of sites 
% soft substrate Yes Yes --  
Banded Darter CPUE No -- No Species of interest 
Bigmouth Buffalo 
CPUE No -- No Present at ≤ 10% of sites 
Bigmouth Shiner CPUE Yes -- Yes  
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present at ≤ 10% of sites 
Blacknose Dace CPUE No -- No Correlated with Creek Chub CPUE 
Blackside Darter CPUE Yes -- Yes  
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE Yes -- Yes 
 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback 
CPUE Yes -- Yes 
 
Bullhead Minnow 
CPUE No -- No Present at ≤ 10% of sites 
Central Stoneroller 
CPUE No -- No Correlated with Creek Chub CPUE 
Channel Catfish CPUE Yes -- Yes  
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub CPUE Yes -- Yes  
Emerald Shiner CPUE No -- No Present at ≤ 10% of sites 
Fantail Darter CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Flathead Catfish CPUE No -- No Not sampled in the Boone River watershed 
Freshwater Drum CPUE No -- No Present at ≤ 10% of sites 
Gizzard Shad CPUE No -- No Present at ≤ 10% of sites 
Golden Redhorse CPUE No -- No Correlated with Channel Catfish 
Golden Shiner CPUE No -- No Present at ≤ 10% of sites 
Green Sunfish CPUE Yes -- Yes  
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Highfin Carpsucker 
CPUE No -- No Present at ≤ 10% of sites 
Hornyhead Chub CPUE Yes -- Yes  
Hybrid Sunfish CPUE No -- No Present at ≤ 10% of sites 
Iowa Darter CPUE No -- No Not sampled in the Boone River watershed 
Johnny Darter CPUE Yes -- Yes  
Largemouth Bass CPUE Yes -- Yes  
Northern Hogsucker 
CPUE Yes -- Yes 
 
Northern Pike CPUE No -- No Present at ≤ 10% of sites 
Northern Rock Bass 
CPUE No -- No 
Correlated with Smallmouth Bass 
CPUE 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow 
CPUE No -- No 
Not sampled in the Boone River 
watershed 
Quillback Carpsucker 
CPUE Yes -- Yes 
 
Red Shiner CPUE No -- No Not sampled in the Boone River watershed 
River Carpsucker CPUE No -- No Present at ≤ 10% of sites 
Rosyface Shiner CPUE Yes -- Yes  
Sand Shiner CPUE No -- No Correlated with Bluntnose Minnow and Spotfin Shiner CPUEs 
Shorthead Redhorse 
CPUE Yes -- Yes 
 
Silver Chub CPUE No -- No Present at ≤ 10% of sites 
Silver Redhorse CPUE No -- No Present at ≤ 10% of sites 
Slender Madtom CPUE No -- No Present at ≤ 10% of sites 
Slenderhead Darter 
CPUE No -- No Present at ≤ 10% of sites 
Smallmouth Bass CPUE Yes -- Yes  
Southern Redbelly Dace 
CPUE No -- No 
Not sampled in the Boone River 
watershed 
Speckled Chub CPUE No -- No Present at ≤ 10% of sites 
Spotfin Shiner CPUE Yes -- Yes  
Stonecat CPUE Yes -- Yes  
Suckermouth Minnow 
CPUE Yes -- Yes 
 
Tadpole Madtom CPUE Yes -- Yes  
Topeka Shiner CPUE No -- No Correlated with Brook Stickleback and Fathead Minnow CPUEs 
Walleye CPUE No -- No Present at ≤ 10% of sites 
White Sucker CPUE Yes -- Yes  
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Yellow Bullhead CPUE Yes -- Yes  
Sunfish CPUE No -- -- Correlated with Green Sunfish and Common Carp CPUEs 
Piscivore CPUE No -- -- Correlated with Smallmouth Bass CPUE 
SGCN CPUE No -- -- Correlated with Topeka Shiner and Brook Stickleback CPUEs 
Species richness Yes -- --  
Fish index of biotic 
integrity Yes -- -- 
 
Native species richness No -- -- Correlated with species richness  
Sucker species richness No -- -- Correlated with species richness and avg. width 
Sensitive species 
richness No -- -- Correlated with species richness  
Benthic invertivore 
species richness No -- -- Correlated with species richness  
Top 3 abundant species 
% Yes -- -- 
 
Benthic invertivore % Yes -- --  
Omnivore % Yes -- --  
Top carnivore % Yes -- --  
Lithophilic spawner % No -- -- Correlated with Channel Catfish and Golden Redhorse CPUEs 
Tolerance index No -- -- Correlated with fish index of biotic integrity 
Adjusted CPUE No -- -- Correlated with Common Shiner CPUE 
Deformities % Yes -- --  
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APPENDIX B.     BLACKSIDE DARTER VARIABLE SELECTION PROCESS FOR 
STREAM SITES.  
Table B1. Blackside Darter variable selection process for stream sites. All recorded abiotic and fish 
assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model. 
   Variable Retained (Yes/No)   
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Avg. depth Yes Yes --  
Min. depth Yes Yes --  
Max. depth No No -- Correlated with avg. depth 
Watershed size Yes Yes --  
Flow velocity Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris Yes Yes --  
Small brush Yes Yes --  
Trees/roots Yes Yes --  
Overhanging banks Yes Yes --  
Undercut banks Yes Yes --  
Boulders Yes Yes --  
Artificial structure Yes Yes --  
Depth/pool Yes Yes --  
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
Percent pool Yes Yes --  
Percent riffle Yes Yes --  
Percent run No No -- Correlated with % pool 
Riparian wood No No -- Correlated with canopy cover 
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present at ≤ 10% of sites 
% rip rap substrate Yes Yes --  
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Table B1 (continued) 
     
% boulder substrate Yes Yes --  
% cobble substrate Yes Yes --  
% gravel substrate Yes Yes --  
% sand substrate Yes Yes --  
% silt substrate Yes Yes --  
% soil substrate No No -- Present at ≤ 10% of sites 
% clay substrate Yes Yes --  
% muck substrate Yes Yes --  
% wood substrate No No -- Present at ≤ 10% of sites 
% other substrate No No -- Present at ≤ 10% of sites 
% soft substrate Yes Yes --  
Banded Darter CPUE Yes -- Yes  
Bigmouth Buffalo 
CPUE No -- No Present at ≤ 10% of sites 
Bigmouth Shiner CPUE Yes -- Yes  
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present at ≤ 10% of sites 
Blacknose Dace CPUE Yes -- Yes  
Blackside Darter CPUE No -- No Species of interest 
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE Yes -- Yes 
 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback 
CPUE No -- No 
Correlated with Topeka Shiner 
CPUE 
Bullhead Minnow 
CPUE No -- No Present at ≤ 10% of sites 
Central Stoneroller 
CPUE No -- No Correlated with Creek Chub CPUE 
Channel Catfish CPUE Yes -- Yes  
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub CPUE Yes -- Yes  
Emerald Shiner CPUE No -- No Present at ≤ 10% of sites 
Fantail Darter CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Flathead Catfish CPUE No -- No Present at ≤ 10% of sites 
Freshwater Drum CPUE No -- No Present at ≤ 10% of sites 
Gizzard Shad CPUE No -- No Present at ≤ 10% of sites 
Golden Redhorse CPUE Yes -- Yes  
Golden Shiner CPUE No -- No Present at ≤ 10% of sites 
Green Sunfish CPUE Yes -- Yes  
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Highfin Carpsucker 
CPUE No -- No Present at ≤ 10% of sites 
Hornyhead Chub CPUE Yes -- Yes  
Hybrid Sunfish CPUE No -- No Present at ≤ 10% of sites 
Iowa Darter CPUE No -- No Present at ≤ 10% of sites 
Johnny Darter CPUE Yes -- Yes  
Largemouth Bass CPUE Yes -- Yes  
Northern Hogsucker 
CPUE Yes -- Yes 
 
Northern Pike CPUE No -- No Present at ≤ 10% of sites 
Northern Rock Bass 
CPUE No -- No 
Correlated with Smallmouth Bass 
CPUE 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow 
CPUE No -- No Present at ≤ 10% of sites 
Quillback Carpsucker 
CPUE Yes -- Yes 
 
Red Shiner CPUE No -- No Present at ≤ 10% of sites 
River Carpsucker CPUE No -- No Present at ≤ 10% of sites 
Rosyface Shiner CPUE Yes -- Yes  
Sand Shiner CPUE Yes -- Yes  
Shorthead Redhorse 
CPUE Yes -- Yes 
 
Silver Chub CPUE No -- No Present at ≤ 10% of sites 
Silver Redhorse CPUE No -- No Present at ≤ 10% of sites 
Slender Madtom CPUE No -- No Present at ≤ 10% of sites 
Slenderhead Darter 
CPUE No -- No Present at ≤ 10% of sites 
Smallmouth Bass CPUE Yes -- Yes  
Southern Redbelly Dace 
CPUE No -- No Present at ≤ 10% of sites 
Speckled Chub CPUE No -- No Present at ≤ 10% of sites 
Spotfin Shiner CPUE Yes -- Yes  
Stonecat CPUE Yes -- Yes  
Suckermouth Minnow 
CPUE Yes -- Yes 
 
Tadpole Madtom CPUE No -- No Present at ≤ 10% of sites 
Topeka Shiner CPUE Yes -- Yes  
Walleye CPUE No -- No Present at ≤ 10% of sites 
White Sucker CPUE Yes -- Yes  
Yellow Bullhead CPUE Yes -- Yes  
Sunfish CPUE No -- -- Correlated with Green Sunfish CPUE 
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Piscivore CPUE No -- -- Correlated with Smallmouth Bass CPUE 
SGCN CPUE No -- -- Correlated with Topeka Shiner CPUE 
Species richness Yes -- --  
Fish index of biotic 
integrity Yes -- -- 
 
Native species richness No -- -- Correlated with species richness 
Sucker species richness No -- -- Correlated with species richness 
Sensitive species 
richness No -- -- Correlated with species richness 
Benthic invertivore 
species richness No -- -- Correlated with species richness 
Top 3 abundant species 
% Yes -- -- 
 
Benthic invertivore % Yes -- --  
Omnivore % Yes -- --  
Top Carnivore % Yes -- --  
Lithophilic Spawner % No -- -- Correlated with Channel Catfish CPUE 
Tolerance index Yes -- --  
Adjusted CPUE No -- -- Correlated with Common Shiner CPUE 
Deformities % Yes -- --  
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APPENDIX C.     NORTHERN ROCK BASS VARIABLE SELECTION PROCESS FOR 
STREAM SITES.  
Table C1. Northern Rock Bass variable selection process for stream sites. All recorded abiotic and fish 
assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model. 
  Variable Retained (Yes/No)   
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Avg. depth Yes Yes --  
Min. depth Yes Yes --  
Max. depth No No -- Correlated with avg. depth 
Watershed size Yes Yes --  
Flow velocity Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris No No -- Correlated with small brush 
Small brush Yes Yes --  
Trees/roots No No -- Correlated with canopy cover 
Overhanging banks Yes Yes --  
Undercut banks Yes Yes --  
Boulders Yes Yes --  
Artificial structure Yes Yes --  
Depth/pool Yes Yes --  
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
% pool Yes Yes --  
% riffle Yes Yes --  
% run No No -- Correlated with % pool 
Riparian wood No No -- Correlated with canopy cover 
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present at ≤ 10% of sites 
% rip rap substrate Yes Yes --  
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% boulder substrate Yes Yes --  
% cobble substrate No No -- Correlated with boulders and % riffle 
% gravel substrate Yes Yes --  
% sand substrate Yes Yes --  
% silt substrate Yes Yes --  
% soil substrate No No -- Present at ≤ 10% of sites 
% clay substrate Yes Yes --  
% muck substrate Yes Yes --  
% wood substrate No No -- Present at ≤ 10% of sites 
% other substrate No No -- Present at ≤ 10% of sites 
% soft substrate Yes Yes --  
Banded Darter CPUE Yes -- Yes  
Bigmouth Buffalo 
CPUE No -- No Present at ≤ 10% of sites 
Bigmouth Shiner CPUE Yes -- Yes  
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present at ≤ 10% of sites 
Blacknose Dace CPUE No -- No Correlated with Creek Chub CPUE 
Blackside Darter CPUE Yes -- Yes  
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE Yes -- Yes 
 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback 
CPUE Yes -- Yes 
 
Bullhead Minnow 
CPUE No -- No Present at ≤ 10% of sites 
Central Stoneroller 
CPUE No -- No Correlated with Creek Chub CPUE 
Channel Catfish CPUE Yes -- Yes  
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub CPUE Yes -- Yes  
Emerald Shiner CPUE No -- No Present at ≤ 10% of sites 
Fantail Darter CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Flathead Catfish CPUE No -- No Not sampled in the Boone River watershed 
Freshwater Drum 
CPUE No -- No Present at ≤ 10% of sites 
Gizzard Shad CPUE No -- No Present at ≤ 10% of sites 
Golden Redhorse 
CPUE No -- No Correlated with Channel Catfish 
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Golden Shiner CPUE No -- No Present at ≤ 10% of sites 
Green Sunfish CPUE Yes -- Yes  
Highfin Carpsucker 
CPUE No -- No Present at ≤ 10% of sites 
Hornyhead Chub CPUE Yes -- Yes  
Hybrid Sunfish CPUE No -- No Present at ≤ 10% of sites 
Iowa Darter CPUE No -- No Not sampled in the Boone River watershed 
Johnny Darter CPUE Yes -- Yes  
Largemouth Bass 
CPUE Yes -- Yes 
 
Northern Hogsucker 
CPUE Yes -- Yes 
 
Northern Pike CPUE No -- No Present at ≤ 10% of sites 
Northern Rock Bass 
CPUE No -- No Species of interest 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow 
CPUE No -- No 
Not sampled in the Boone River 
watershed 
Quillback Carpsucker 
CPUE Yes -- Yes 
 
Red Shiner CPUE No -- No Not sampled in the Boone River watershed 
River Carpsucker 
CPUE No -- No Present at ≤ 10% of sites 
Rosyface Shiner CPUE Yes -- Yes  
Sand Shiner CPUE No -- No Correlated with Bluntnose Minnow and Spotfin Shiner CPUEs 
Shorthead Redhorse 
CPUE Yes -- Yes 
 
Silver Chub CPUE No -- No Present at ≤ 10% of sites 
Silver Redhorse CPUE No -- No Present at ≤ 10% of sites 
Slender Madtom CPUE No -- No Present at ≤ 10% of sites 
Slenderhead Darter 
CPUE No -- No Present at ≤ 10% of sites 
Smallmouth Bass 
CPUE Yes -- Yes 
 
Southern Redbelly 
Dace CPUE No -- No 
Not sampled in the Boone River 
watershed 
Speckled Chub CPUE No -- No Present at ≤ 10% of sites 
Spotfin Shiner CPUE Yes -- Yes  
Stonecat CPUE Yes -- Yes  
Suckermouth Minnow 
CPUE Yes -- Yes 
 
Tadpole Madtom CPUE Yes -- Yes  
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Topeka Shiner CPUE No -- No Correlated with Brook Stickleback and Fathead Minnow CPUEs 
Walleye CPUE No -- No Present at ≤ 10% of sites 
White Sucker CPUE Yes -- Yes  
Yellow Bullhead CPUE Yes -- Yes  
Sunfish CPUE No -- -- Correlated with Green Sunfish and Common Carp CPUEs 
Piscivore CPUE No -- -- Correlated with Smallmouth Bass CPUE 
SGCN CPUE No -- -- Correlated with Topeka Shiner and Brook Stickleback CPUEs 
Species richness Yes -- --  
Fish index of biotic 
integrity Yes -- -- 
 
Native species richness No -- -- Correlated with species richness  
Sucker species richness No -- -- Correlated with species richness and avg. width 
Sensitive species 
richness No -- -- Correlated with species richness  
Benthic invertivore 
species richness No -- -- Correlated with species richness  
Top 3 abundant species 
% Yes -- -- 
 
Benthic invertivore % Yes -- --  
Omnivore % Yes -- --  
Top Carnivore % Yes -- --  
Lithophilic Spawner % No -- -- Correlated with Channel Catfish and Golden Redhorse CPUEs 
Tolerance index No -- -- Correlated with fish index of biotic integrity 
Adjusted CPUE No -- -- Correlated with Common Shiner CPUE 
Deformities % Yes -- --  
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APPENDIX D.     SUCKERMOUTH MINNOW VARIABLE SELECTION PROCESS 
FOR STREAM SITES. 
Table D1. Suckermouth Minnow variable selection process for stream sites. All recorded abiotic and 
fish assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model. 
  Variable Retained (Yes/No)   
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Avg. depth Yes Yes --  
Min. depth Yes Yes --  
Max. depth No No -- Correlated with avg. depth 
Watershed size Yes Yes --  
Flow velocity Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris Yes Yes --  
Small brush Yes Yes --  
Trees/roots Yes Yes --  
Overhanging banks Yes Yes --  
Undercut banks Yes Yes --  
Boulders No No -- Correlated with cobble substrate 
Artificial structure Yes Yes --  
Depth/pool Yes Yes --  
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
% pool Yes Yes --  
% riffle Yes Yes --  
% run Yes Yes --  
Riparian wood No No -- Correlated with canopy cover 
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present at ≤ 10% of sites 
% rip rap substrate Yes Yes --  
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% boulder substrate Yes Yes --  
% cobble substrate Yes Yes --  
% gravel substrate Yes Yes --  
% sand substrate Yes Yes --  
% silt substrate Yes Yes --  
% soil substrate No No -- Present at ≤ 10% of sites 
% clay substrate Yes Yes --  
% muck substrate Yes Yes --  
% wood substrate No No -- Present at ≤ 10% of sites 
% other substrate No No -- Present at ≤ 10% of sites 
% soft substrate Yes Yes --  
Banded Darter CPUE Yes -- Yes  
Bigmouth Buffalo 
CPUE No -- No Present at ≤ 10% of sites 
Bigmouth Shiner CPUE Yes -- Yes  
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present at ≤ 10% of sites 
Blacknose Dace CPUE Yes -- Yes  
Blackside Darter CPUE Yes -- Yes  
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE Yes -- Yes 
 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback 
CPUE Yes -- Yes 
 
Bullhead Minnow 
CPUE No -- No Present at ≤ 10% of sites 
Central Stoneroller 
CPUE No -- No 
Correlated with Brook Stickleback 
and Creek Chub CPUEs 
Channel Catfish CPUE Yes -- Yes  
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub CPUE Yes -- Yes  
Emerald Shiner CPUE No -- No Present at ≤ 10% of sites 
Fantail Darter CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Flathead Catfish CPUE No -- No Present at ≤ 10% of sites 
Freshwater Drum CPUE No -- No Present at ≤ 10% of sites 
Gizzard Shad CPUE No -- No Correlated with watershed size 
Golden Redhorse CPUE Yes -- Yes  
Golden Shiner CPUE No -- No Present at ≤ 10% of sites 
Green Sunfish CPUE Yes -- Yes  
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Highfin Carpsucker 
CPUE No -- No 
Correlated with Quillback 
Carpsucker CPUE 
Hornyhead Chub CPUE Yes -- Yes  
Hybrid Sunfish CPUE No -- No Present at ≤ 10% of sites 
Iowa Darter CPUE No -- No Not sampled in the North Raccoon or Boone River watersheds 
Johnny Darter CPUE Yes -- Yes  
Largemouth Bass CPUE Yes -- Yes  
Northern Hogsucker 
CPUE Yes -- Yes 
 
Northern Pike CPUE No -- No Present at ≤ 10% of sites 
Northern Rock Bass 
CPUE No -- No 
Correlated with Smallmouth Bass 
CPUE 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow 
CPUE No -- No 
Not sampled in the North Raccoon 
or Boone River watersheds 
Quillback Carpsucker 
CPUE Yes -- Yes 
 
Red Shiner CPUE No -- No Not sampled in the North Raccoon or Boone River watersheds 
River Carpsucker CPUE No -- No Present at ≤ 10% of sites 
Rosyface Shiner CPUE Yes -- Yes  
Sand Shiner CPUE Yes -- Yes  
Shorthead Redhorse 
CPUE Yes -- Yes 
 
Silver Chub CPUE No -- No Present at ≤ 10% of sites 
Silver Redhorse CPUE No -- No Present at ≤ 10% of sites 
Slender Madtom CPUE No -- No Present at ≤ 10% of sites 
Slenderhead Darter 
CPUE No -- No Present at ≤ 10% of sites 
Smallmouth Bass CPUE Yes -- Yes  
Southern Redbelly Dace 
CPUE No -- No 
Not sampled in the North Raccoon 
or Boone River watersheds 
Speckled Chub CPUE No -- No Present at ≤ 10% of sites 
Spotfin Shiner CPUE Yes -- Yes  
Stonecat CPUE Yes -- Yes  
Suckermouth Minnow 
CPUE No -- No Species of interest 
Tadpole Madtom CPUE Yes -- Yes  
Topeka Shiner CPUE No -- No Correlated with Brook Stickleback and Fathead Minnow CPUEs 
Walleye CPUE No -- No Present at ≤ 10% of sites 
White Sucker CPUE Yes -- Yes  
Yellow Bullhead CPUE Yes -- Yes  
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Sunfish CPUE No -- -- Correlated with Green Sunfish CPUE 
Piscivore CPUE No -- -- Correlated with Smallmouth Bass CPUE 
SGCN CPUE No -- -- Correlated with Topeka Shiner and Brook Stickleback CPUEs 
Species richness Yes -- --  
Fish index of biotic 
integrity Yes -- -- 
 
Native species richness No -- -- Correlated with species richness 
Sucker species richness No -- -- Correlated with species richness and avg. width 
Sensitive species 
richness No -- -- Correlated with species richness 
Benthic invertivore 
species richness No -- -- Correlated with species richness 
Top 3 abundant species 
% Yes -- -- 
 
Benthic invertivore % Yes -- --  
Omnivore % Yes -- --  
Top Carnivore % Yes -- --  
Lithophilic Spawner % No -- -- Correlated with Channel Catfish CPUE 
Tolerance index No -- -- Correlated with fish index of biotic integrity 
Adjusted CPUE No -- -- Correlated with Common Shiner CPUE 
Deformities % Yes -- --  
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APPENDIX E.     TADPOLE MADTOM VARIABLE SELECTION PROCESS FOR 
STREAM SITES.  
Table E1. Tadpole Madtom variable selection process for stream sites. All recorded abiotic and fish 
assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model. 
  Variable Retained (Yes/No)   
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Avg. depth Yes Yes --  
Min. depth Yes Yes --  
Max. depth No No -- Correlated with avg. depth 
Watershed size Yes Yes --  
Flow velocity Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris Yes Yes --  
Small brush No No -- Correlated with woody debris 
Trees/roots No No -- Correlated with canopy cover 
Overhanging banks Yes Yes --  
Undercut banks Yes Yes --  
Boulders No No -- Correlated with cobble substrate 
Artificial structure Yes Yes --  
Depth/pool Yes Yes --  
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
% pool Yes Yes --  
% riffle Yes Yes --  
% run No No -- Correlated with %pool 
Riparian wood No No -- Correlated with canopy cover 
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present at ≤ 10% of sites 
% rip rap substrate Yes Yes --  
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% boulder substrate Yes Yes --  
% cobble substrate Yes Yes --  
% gravel substrate Yes Yes --  
% sand substrate Yes Yes --  
% silt substrate Yes Yes --  
% soil substrate No No -- Present at ≤ 10% of sites 
% clay substrate Yes Yes --  
% muck substrate Yes Yes --  
% wood substrate No No -- Present at ≤ 10% of sites 
% other substrate No No -- Present at ≤ 10% of sites 
% soft substrate Yes Yes --  
Banded Darter CPUE Yes -- Yes  
Bigmouth Buffalo CPUE No -- No Present at ≤ 10% of sites 
Bigmouth Shiner CPUE Yes -- Yes  
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present at ≤ 10% of sites 
Blacknose Dace CPUE No -- No Correlated with Creek Chub CPUE 
Blackside Darter CPUE Yes -- Yes  
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE Yes -- Yes 
 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback CPUE Yes -- Yes  
Bullhead Minnow CPUE No -- No Present at ≤ 10% of sites 
Central Stoneroller 
CPUE No -- No Correlated with Creek Chub CPUE 
Channel Catfish CPUE Yes -- Yes  
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub Yes -- Yes  
Emerald Shiner CPUE No -- No Present at ≤ 10% of sites 
Fantail Darter CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Flathead Catfish CPUE No -- No Not sampled in the Rock River or Boone River watersheds 
Freshwater Drum CPUE No -- No Present at ≤ 10% of sites 
Gizzard Shad CPUE No -- No Present at ≤ 10% of sites 
Golden Redhorse CPUE Yes -- Yes  
Golden Shiner CPUE No -- No Present at ≤ 10% of sites 
Green Sunfish CPUE Yes -- Yes  
Highfin Carpsucker 
CPUE No -- No Present at ≤ 10% of sites 
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Hornyhead Chub CPUE Yes -- Yes  
Hybrid Sunfish CPUE No -- No Present at ≤ 10% of sites 
Iowa Darter CPUE No -- No Present at ≤ 10% of sites 
Johnny Darter CPUE Yes -- Yes  
Largemouth Bass CPUE Yes -- Yes  
Northern Hogsucker 
CPUE Yes -- Yes 
 
Northern Pike CPUE No -- No Present at ≤ 10% of sites 
Northern Rock Bass 
CPUE No -- No 
Correlated with Smallmouth Bass 
CPUE 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow 
CPUE No -- No Present at ≤ 10% of sites 
Quillback Carpsucker 
CPUE Yes -- Yes 
 
Red Shiner CPUE No -- No Present at ≤ 10% of sites 
River Carpsucker CPUE No -- No Present at ≤ 10% of sites 
Rosyface Shiner CPUE Yes -- Yes  
Sand Shiner CPUE Yes -- Yes  
Shorthead Redhorse 
CPUE Yes -- Yes 
 
Silver Chub CPUE No -- No Present at ≤ 10% of sites 
Silver Redhorse CPUE No -- No Present at ≤ 10% of sites 
Slender Madtom CPUE No -- No Present at ≤ 10% of sites 
Slenderhead Darter 
CPUE No -- No Present at ≤ 10% of sites 
Smallmouth Bass CPUE Yes -- Yes  
Southern Redbelly Dace 
CPUE No -- No Present at ≤ 10% of sites 
Speckled Chub CPUE No -- No Present at ≤ 10% of sites 
Spotfin Shiner CPUE Yes -- Yes  
Stonecat CPUE No -- No Correlated with Northern Hogsucker CPUE 
Suckermouth Minnow 
CPUE Yes -- Yes 
 
Tadpole Madtom CPUE No -- No Species of interest 
Topeka Shiner CPUE Yes -- Yes  
Walleye CPUE No -- No Present at ≤ 10% of sites 
White Sucker CPUE Yes -- Yes  
Yellow Bullhead CPUE Yes -- Yes  
Sunfish CPUE No -- -- Correlated with Green Sunfish CPUE 
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Piscivore CPUE No -- -- Correlated with Smallmouth Bass CPUE 
SGCN CPUE No -- -- Correlated with Topeka Shiner and Brook Stickleback CPUEs 
Species richness Yes -- --  
Fish index of biotic 
integrity Yes -- -- 
 
Native species richness No -- -- Correlated with species richness 
Sucker species richness No -- -- Correlated with species richness and avg. width 
Sensitive species 
richness No -- -- Correlated with species richness 
Benthic invertivore 
species richness No -- -- Correlated with species richness 
Top 3 abundant species 
% Yes -- -- 
 
Benthic invertivore % Yes -- --  
Omnivore % Yes -- --  
Top Carnivore % Yes -- --  
Lithophilic Spawner % No -- -- Correlated with Channel Catfish and Golden Redhorse CPUEs 
Tolerance index Yes -- --  
Adjusted CPUE No -- -- Correlated with Common Shiner CPUE 
Deformities % Yes -- --  
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APPENDIX F.     TOPEKA SHINER VARIABLE SELECTION PROCESS FOR 
STREAM SITES.  
Table F1. Topeka Shiner variable selection process for stream sites. All recorded abiotic and fish 
assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model. 
  Variable Retained (Yes/No)   
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Avg. depth Yes Yes --  
Min. depth Yes Yes --  
Max. depth No No -- Correlated with avg. depth 
Watershed size Yes Yes --  
Flow velocity Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris Yes Yes --  
Small brush Yes Yes --  
Trees/roots Yes Yes --  
Overhanging banks Yes Yes --  
Undercut banks Yes Yes --  
Boulders Yes Yes --  
Artificial structure Yes Yes --  
Depth/pool Yes Yes --  
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
% pool Yes Yes --  
% riffle Yes Yes --  
% run No No -- Correlated with % pool 
Riparian wood No No -- Correlated with canopy cover 
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present at ≤ 10% of sites 
% rip rap substrate Yes Yes --  
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% boulder substrate Yes Yes --  
% cobble substrate Yes Yes --  
% gravel substrate Yes Yes --  
% sand substrate Yes Yes --  
% silt substrate Yes Yes --  
% soil substrate No No -- Present at ≤ 10% of sites 
% clay substrate Yes Yes --  
% muck substrate Yes Yes --  
% wood substrate No No -- Present at ≤ 10% of sites 
% other substrate No No -- Present at ≤ 10% of sites 
% soft substrate Yes Yes --  
Banded Darter CPUE Yes -- Yes  
Bigmouth Buffalo CPUE No -- No Present at ≤ 10% of sites 
Bigmouth Shiner CPUE Yes -- Yes  
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present at ≤ 10% of sites 
Blacknose Dace CPUE Yes -- Yes  
Blackside Darter CPUE Yes -- Yes  
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE Yes -- Yes 
 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback CPUE Yes -- Yes  
Bullhead Minnow CPUE No -- No Present at ≤ 10% of sites 
Central Stoneroller CPUE No -- No Correlated with Creek Chub CPUE 
Channel Catfish CPUE Yes -- Yes  
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub CPUE Yes -- Yes  
Emerald Shiner CPUE No -- No Present at ≤ 10% of sites 
Fantail Darter CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Flathead Catfish CPUE No -- No Present at ≤ 10% of sites 
Freshwater Drum CPUE No -- No Present at ≤ 10% of sites 
Gizzard Shad CPUE No -- No Present at ≤ 10% of sites 
Golden Redhorse CPUE Yes -- Yes  
Golden Shiner CPUE No -- No Present at ≤ 10% of sites 
Green Sunfish CPUE Yes -- Yes  
Highfin Carpsucker 
CPUE No -- No Present at ≤ 10% of sites 
Hornyhead Chub CPUE Yes -- Yes  
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Hybrid Sunfish CPUE No -- No Present at ≤ 10% of sites 
Iowa Darter CPUE No -- No Present at ≤ 10% of sites 
Johnny Darter CPUE Yes -- Yes  
Largemouth Bass CPUE Yes -- Yes  
Northern Hogsucker 
CPUE Yes -- Yes 
 
Northern Pike CPUE No -- No Present at ≤ 10% of sites 
Northern Rock Bass 
CPUE No -- No 
Correlated with Smallmouth Bass 
CPUE 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow CPUE No -- No Present at ≤ 10% of sites 
Quillback Carpsucker 
CPUE Yes -- Yes 
 
Red Shiner CPUE No -- No Present at ≤ 10% of sites 
River Carpsucker CPUE No -- No Present at ≤ 10% of sites 
Rosyface Shiner CPUE Yes -- Yes  
Sand Shiner CPUE Yes -- Yes  
Shorthead Redhorse 
CPUE Yes -- Yes 
 
Silver Chub CPUE No -- No Present at ≤ 10% of sites 
Silver Redhorse CPUE No -- No Present at ≤ 10% of sites 
Slender Madtom CPUE No -- No Present at ≤ 10% of sites 
Slenderhead Darter 
CPUE No -- No Present at ≤ 10% of sites 
Smallmouth Bass CPUE Yes -- Yes  
Southern Redbelly Dace 
CPUE No -- No Present at ≤ 10% of sites 
Speckled Chub CPUE No -- No Present at ≤ 10% of sites 
Spotfin Shiner CPUE Yes -- Yes  
Stonecat CPUE Yes -- Yes  
Suckermouth Minnow 
CPUE Yes -- Yes 
 
Tadpole Madtom CPUE No -- No Present at ≤ 10% of sites 
Topeka Shiner CPUE No -- No Species of interest 
Walleye CPUE No -- No Present at ≤ 10% of sites 
White Sucker CPUE Yes -- Yes  
Yellow Bullhead CPUE Yes -- Yes  
Sunfish CPUE No -- -- Correlated with Green Sunfish CPUE 
Piscivore CPUE No -- -- Correlated with Smallmouth Bass CPUE 
SGCN CPUE Yes -- --  
Species richness Yes -- --  
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Fish index of biotic 
integrity Yes -- -- 
 
Native species richness No -- -- Correlated with species richness 
Sucker species richness No -- -- Correlated with species richness 
Sensitive species richness No -- -- Correlated with species richness 
Benthic invertivore 
species richness No -- -- Correlated with species richness 
Top 3 abundant species 
% Yes -- -- 
 
Benthic invertivore % Yes -- --  
Omnivore % Yes -- --  
Top Carnivore % Yes -- --  
Lithophilic Spawner % No -- -- Correlated with Channel Catfish CPUE 
Tolerance index Yes -- --  
Adjusted CPUE No -- -- Correlated with Common Shiner CPUE 
Deformities % Yes -- --  
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APPENDIX G.     TOPEKA SHINER VARIABLE SELECTION PROCESS FOR 
OXBOW SITES.  
Table G1. Topeka Shiner variable selection process for oxbow sites. All recorded abiotic and fish 
assemblage variables and whether they were retained for random forest modeling in each of three 
models (all variables, abiotic variables, and fish abundance variables). The reason for not retaining a 
variable is listed. Dashes indicate that a variable was not considered for the respective model 
 Variable Retained (Yes/No)  
Variable 
All 
variables 
model 
Abiotic 
variables 
model 
Fish 
abundance 
model Reason not retained 
Restored/Unrestored Yes Yes --  
Years post restoration Yes Yes --  
Temperature Yes Yes --  
Conductivity Yes Yes --  
pH Yes Yes --  
Dissolved oxygen Yes Yes --  
Turbidity Yes Yes --  
Avg. width Yes Yes --  
Length Yes Yes --  
Avg. depth No No -- Correlated with Min. and Max. depth 
Min. depth Yes Yes --  
Max. depth Yes Yes --  
Distance to stream Yes Yes --  
Filamentous Yes Yes --  
Macrophytes Yes Yes --  
Woody debris Yes Yes --  
Small brush Yes Yes --  
Trees/roots Yes Yes --  
Overhanging banks No No -- Present in ≤ 10% of oxbows 
Undercut banks No No -- Present in ≤ 10% of oxbows 
Boulders Yes Yes --  
Artificial structure No No -- Present in ≤ 10% of oxbows 
Bank angle Yes Yes --  
Bare bank Yes Yes --  
Canopy cover Yes Yes --  
Riparian wood Yes Yes --  
Riparian grass Yes Yes --  
Riparian bare No No -- Correlated with bare bank 
% bedrock substrate No No -- Present in ≤ 10% of oxbows 
% rip rap substrate No No -- Present in ≤ 10% of oxbows 
% boulder substrate No No -- Present in ≤ 10% of oxbows 
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% cobble substrate No No -- Present in ≤ 10% of oxbows 
% gravel substrate Yes Yes --  
% sand substrate No No -- Present in ≤ 10% of oxbows 
% silt substrate Yes Yes --  
% soil substrate No No -- Present in ≤ 10% of oxbows 
% clay substrate No No -- Present in ≤ 10% of oxbows 
% muck substrate No No -- Correlated with % silt substrate 
% wood substrate No No -- Present in ≤ 10% of oxbows 
% other substrate No No -- Present in ≤ 10% of oxbows 
Bigmouth Buffalo 
CPUE No -- No Present in ≤ 10% of oxbows 
Bigmouth Shiner CPUE No -- No 
Correlated with Sand Shiner, Creek 
Chub, and Bluntnose Minnow 
CPUE 
Black Bullhead CPUE Yes -- Yes  
Black Crappie CPUE No -- No Present in ≤ 10% of oxbows 
Blacknose Dace CPUE No -- No Present in ≤ 10% of oxbows 
Blackside Darter CPUE No -- No Present in ≤ 10% of oxbows 
Bluegill CPUE Yes -- Yes  
Bluntnose Minnow 
CPUE No -- No 
Correlated with Sand Shiner, Creek 
Chub, and Bigmouth Shiner CPUE 
Brassy Minnow CPUE Yes -- Yes  
Brook Stickleback 
CPUE Yes -- Yes 
 
Central Stoneroller 
CPUE Yes -- Yes 
 
Common Carp CPUE Yes -- Yes  
Common Shiner CPUE Yes -- Yes  
Creek Chub CPUE Yes -- Yes  
Fathead Minnow CPUE Yes -- Yes  
Gizzard Shad CPUE Yes -- Yes  
Golden Redhorse CPUE No -- No Present in ≤ 10% of oxbows 
Golden Shiner CPUE No -- Yes Correlated with SGCN CPUE 
Green Sunfish CPUE Yes -- Yes  
Hornyhead Chub CPUE No -- No Present in ≤ 10% of oxbows 
Hybrid Sunfish CPUE No -- No Present in ≤ 10% of oxbows 
Iowa Darter CPUE No -- No Present in ≤ 10% of oxbows 
Johnny Darter CPUE No -- No Correlated with White Sucker CPUE 
Largemouth Bass CPUE No -- Yes Correlated with Piscivore CPUE 
Northern Hogsucker 
CPUE No -- No Present in ≤ 10% of oxbows 
Northern Pike CPUE No -- No Present in ≤ 10% of oxbows 
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Northern Rock Bass 
CPUE No -- No Present in ≤ 10% of oxbows 
Orangespotted Sunfish 
CPUE Yes -- Yes 
 
Plains Topminnow 
CPUE No -- No Present in ≤ 10% of oxbows 
Pumpkinseed CPUE No -- No Present in ≤ 10% of oxbows 
Quillback Carpsucker 
CPUE No -- No Present in ≤ 10% of oxbows 
Red Shiner CPUE No -- No Present in ≤ 10% of oxbows 
River Carpsucker CPUE No -- No Present in ≤ 10% of oxbows 
Rosyface Shiner CPUE No -- No Present in ≤ 10% of oxbows 
Sand Shiner CPUE No -- No Correlated with Creek Chub CPUE 
Shortnose Gar CPUE No -- No Present in ≤ 10% of oxbows 
Slender Madtom CPUE No -- No Present in ≤ 10% of oxbows 
Smallmouth Bass CPUE No -- No Present in ≤ 10% of oxbows 
Smallmouth Buffalo 
CPUE No -- No Present in ≤ 10% of oxbows 
Spotfin Shiner CPUE Yes -- Yes  
Suckermouth Minnow 
CPUE No -- No Present in ≤ 10% of oxbows 
Stonecat CPUE No -- No Present in ≤ 10% of oxbows 
Tadpole Madtom CPUE No -- No Present in ≤ 10% of oxbows 
Topeka Shiner CPUE No -- No Species of interest 
Walleye CPUE No -- No Present in ≤ 10% of oxbows 
White Crappie CPUE Yes -- Yes  
White Sucker CPUE Yes -- Yes  
Yellow Bullhead CPUE Yes -- Yes  
Yellow Perch CPUE No -- No Present in ≤ 10% of oxbows 
Sunfish CPUE No -- --  
Piscivore CPUE Yes -- --  
SGCN CPUE Yes -- --  
Total CPUE No -- -- Correlated with Fathead Minnow CPUE 
Species richness Yes -- --  
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